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Wherever an electrical measurement provides essen- 
tial information... whether in the manufacture of 
electrical components, the inspection of purchased 
parts or finished products, or in the operation of some 
clectrical machine . . . far-sighted buyers specify “‘me- 
ters by WESTON”. Experienced buyers know that in 
value, and in performance, there is no substitute for 
WESTON instruments. Ask your nearest WESTON rep- 
resentative for all the facts,or write for bulletin A-7-B. 
WESTON Electrical Instrument Corporation, 591 
Frelinghuysen Avenue, Newark 5, New Jersey. 
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¥%& One of your first steps in erasing these troubles 
which result from excessive smoke, should be the 
installation of a Bailey Smoke Density Recorder. 
This 24-hour recorder is not an ordinary photo-cell 
instrument. Instead it detects smoke density by a 
Bolometer which is simply a sturdy tungsten fila- 
ment and a parabolic mirror, mounted in a standard 
sealed beam automobile head lamp housing. 

In using this simple, unique smoke detector, you do 
not have to provide cooling devices since the Bolo- 
meter is not harmed by high ambient temperatures. It 
is completely sealed against dirt and corrosive gases. 
Cleaning is simplified by infiltration of clean 


| ‘ air and by use of the lamp housing lens as the only 


Diagrammatic Installation of 
Bailey Smoke Density Recorder. 


LIGHT SOURCE 
/ 


SEALED BEAM 
PROJECTION SPOTLAMP 


ACCESS DOOR 

















PLANE OF SLOT PARALLEL . 
TO PATH OF SMOKE a 





ua a 
50 OR 60 v (—- ame Sumac 


(paws 1041 IVANHOE ROAD, CLEVELAND 10, OHIO « 
BAILEY METER COMPANY LIMITED, MONTREAL, CANADA 





window between the Bolometer and the gas passage. 
It’s easy to secure and maintain alignment of the 
sealed beam light source with the Bolometer since 
they are mounted at opposite ends of a slotted pipe 
which extends across the smoke passage. 

For complete information on how you can profitably 
use this unique instrument to erase your smoke 
troubles, ask for Bulletin 211, “Bailey Smoke 
Density Recorder”. 
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SEALED BEAM TEMPERATURE 
BOLOMETER ~_ COMPENSATOR 
) 
i} 
AIR INLET ' beMetror 
ily 
‘'| ACCESS 
11. DOOR 









BRANCH OFFICES IN PRINCIPAL CITIES 





Page 21] 


March 1950 —Instruments 














from wiring © 
to installation © 
of instruments «— 









=service on control 
panels is complete! 


il hidud reer epee. | 


MODERN FALSTROM 
CONTROL CENTER 
WITH NEW 
LIGHTING CANOPY 





PRE-FABRICATED 
FALSTROM 
PUBLIC UTILITY 
CONTROL BOARD 





Now you can look to Falstrom for 
complete service on panelboards, switch- 
boards, cubicles, instrument panels, entire con- 
trol centers and switchgear housings. Falstrom 
does considerably more than design and 


produce functional and distinctive, finished 
housings. The new Falstrom service includes { 
electrical wiring, piping, procurement and in- i 
| stallation of instruments and other accessories 
as specified. All work performed at Falstrom 


is done by engineers and skilled technicians 
completely familiar with each phase of the 
installation. Check on this Falstrom service, 
now. Use the handy coupon below. 


FALSTROM | 


COMPANY 


PASSAIC, NEW JERSEY 





92 FALSTROM COURT * 


Gentian: (7 INSTRUMENT 
. I am interested in the items ryeumeea 
‘3 checked. Please send complete BOARDS 
information at once. CO GAGE 
I lame BOARDS 
rel () COMPLETE 
aon «TITLE : CONTROL ' 
CENTERS , 
COMPANY WIRING, { 
STREET ADDRESS PIPING AND 
INSTRUMENT 
CITY ZONE. STATE INSTALLATION 
Page 212-——Instruments—Vol. 23 








: nstrumeni | 


Vol. 23 MARCH 1950 Jo. 3 
SPECIAL FEATURE—PRIZE CONTEST 
Editorial and complete list of winners ............:::ccsececeeeeees 235 
First Prize—Saving $1600 per Valve Installation ............. 2 
By V. A. Riggio 
Second Prize—Increasing Furnace Production ..............000. 2 


By M. A. Embertson 
Third Prize—Modified Gage Eliminates Maintenance Costs 
By E. E. Stockwell 
Fourth Prize—Refrigeration Temperature and Pressure 
Control 


By H. H. Baker 

Fifth Prize—Tank-filling Control ............c:cccccesssseseseeeeeseees 
By Marvin M. Fromm 

Fifth Prize—Time-saving Auxiliary Instrument ................ wevee 240 
By John A. Kell 

Fifth Prize—Alterations of Hygrothermograph ..................... 24] 


By Will J. Worley 


TECHNICAL ARTICLES 
Te I IIE is idscccsacspcnseseriescineebaanmcevsane boeing es ee 
By Kenneth E. Burmaster and Ernest C. Evans 
Temperature Measurement and Control in the Process 
Industries 
By David H. Fuller 
THE MONTH’S NEW INSTRUMENTS ...... ar > 


INSTRUMENTS ON THE MARCH 
Wear Test for Lubricants.. 248 Neutron Standard 


OTHER REGULAR FEATURES 
InstruMerriment 249; Mfrs’ Literature 304; Advertisers’ 





Index 


JOURNAL of the 
INSTRUMENT SOCIETY OF AMERICA 
Financial Statements for Fiscal Year 1949 ...........ceeeseseeeeeee ae i 
Officers and Committee Chairmen ( Pictures ) 
Instrument Repairman Training Program ................00.cesseeeeeee 28 
By J. H. Cuthbert 
Instrument Mechanic Training 


By Roy Johnson 


JOURNAL of the 
SOUTHERN CALIFORNIA METER ASSOCIATION 


Slide-rule Settings for Use in Measurement Work .................. 285 
By Chas J. Soyster 
Automatic Controls for Air Conditioning ............cccecceeeeeseeeees . 28 


By Frank R. rongense 


of Measurement and Control 
the 15th at Pontiac, Illinois 
Advertising Offices are at The 


Instruments The Magazine 
is published monthly oi 
Editorial, Subscription bese 


Instruments Publishing Company, 921 Ridge Avenue, Pittsburgh 12 
Richard Rimbach M. F. Behar 
Publisher Editor 


Editor 


District OFFICERS AND MANAGERS 
James Condon, 36 Myrtle St., Boston 14, Mass. (Lafayet 
551 Fifth Ave 


James F. Emge, Assistant to the (new literature, etc.) 


MEMBER 





3-0829 Richard J _ Rimbach, Jr., Room 358, 
New York 17, N Murray Hill 2-0821). William J. Ga 
lagher, 660 Park Lane, Philadelphia 44, Pa. (Victor 4-2594 
Harold W. Haskett, 742 Elberon Ave., Cincinnati 5, ‘ 
Audit Bu (Grandview 4323); Room 615, 360 N Michigan Ave 
reau of Cir- C290 1 Ill, (Andover 3-4299 James R. Wright, 411 N 
culation Tenth St., St. Louis 1, Mo. (Chestnut 1965). M. D. P 
2721 N. Marengo Ave., Altadena, Calif. (Sycamore 7-2894 
C. F. Goldeamp, 921 Ridge Ave., Pittsburgh 12, Pa. (1 
fax 1-0161) 
SUBSCRIPTION RATES One Two ] 
United States, U. S. Possessions Year Years } 
: $3.00 $5.00 . 
and Australia ot 4.00 6.00 
tries except those noted below 5.00 8.00 1 
ent, subscriptions not accepted from Austria, Bulgaria, China 





Russia and Yugoslav 
form of an I: 


Romania, 
in the 


Poland 
must be 
bank 


oslov akia, Germany, Hungary 
Payments from outside the U. 8. A 


national Money Order or check on a U.S 

Position and company connection as well as products manufact 
must be indicated in all subseription orders 
Copyright 1950 by The Instruments Publishing Company, Inc. Offic 
publication, 1600 North Main St Pontiac, Illinois, Executive d 
Editorial Office, 921 Ridge Avenue, Pittsburgh 12, Pa 

Entered as second class matter, October 14, 1949, at the post « 
at Pontiac, Illinois, under the act of March 3, 1879 








struments 





N this issue are printed all seven contest entries that 
| won cash prizes. It is safe to predict that you will read 
© most of them—perhaps all—and that many of you will then 





sts Q say to yourselves: “If I had sent in an entry on that XYZ 
© job, | might have won a prize!” This is so because our sub- 

F scribers possess, as a group, a tremendous quantity of ideas 

238 BR that have not been published—ideas that SHOULD be pub- 

‘ lished in Instruments for the common benefit. Therefore, 

“ 4 we remind all subscribers that Jnstrwments pays a minimum 

240 J& of $5.00 for brief “Shop Kinks.” This offer began before 

' Pearl Harbor; and many shop kinks (and lab kinks and 

in “41 [& geld-installation kinks) were published during the war— 


» which they helped win. So please keep in mind this stand- 

ng offer. The minimum is $5.00 for a manuscript without 

242 | illustrations; we have paid up to $20.00 for illustrated and 
well-written pieces. Address Shop Kinks Department, In- 

| struments, 921 Ridge Ave., Pittsburgh 12, Pa. Type double- 
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Measurement 
and Control 


Another comment we can’t resist making is that hundreds 
of instrument-company sales engineers must be modest fel- 
lows. We refer, of course, to those who could have sent in 
reports of saving costs for their customers—entries like the 
one that won Second Prize. This goes for advertising man- 
agers, too: we're sure that some of them purposely re- 
frained from submitting amazing stories of huge savings, 
illustrated with excellent photographs, in order to give non- 
professional writers a chance. 

We’re sure, also, that the Judges’ First Prize choice will 
be universally approved. By the way, when we notified Mr. 
Riggio and exchanged letters with him about a photograph 
for Instruments, and various other details, we learned that 
the savings are really sensational: actually $3002.00 per 
valve installation PER YEAR. About the photograph he wrote 
to us: “Mr. James E. O’Keefe is holding the Micarta plug 
for a 2-inch Saran-lined tee valve with a reduced port of 
1 inch. The valve on the test stand is a 14-inch Saran- 


Bape “#0 #& space, use India ink for diagrams (blueprints don’t repro- lined tee valve with an Annin air-operated topwork as- 
'duce) and observe other usual rules. sembly.” 
s 
FIRST PRIZE ($200) 
seen 24 V. A. RIGGIO, 20 Green Acres, St. Louis 15, Mo. “Saving $1600 per Valve Installation.” 
= j SECOND PRIZE ($100) 
7 M. A. EMBERTSON, Wheelco Instruments Co., Chicago, Ill., “Automatic Control Helps to Save the Cost of One 50-foot 
Furnace by Increasing Production of Others.” 
THIRD PRIZE ($75) 

aa 277 E. E. STOCKWELL, Baton Rouge, La., “Modified Gage Eliminates Maintenance Costs.” 
“5 Su a FOURTH PRIZE ($50) 

‘ 1, H. BAKER, Instrument Dep’t, Arabian American Oil Co., Dhahran, Saudi Arabia, “Refrigeration Temperature and 
eties 281 Pressure Control.” 

FIFTH PRIZES ($25 each) (Alphabetical order) 
M. M. FROMM. Greensburg, Pa., ‘“Tank-filling Control Ends Costly Spillage-waste, Speeds Operations.” 

ON JOHN A. KELL, Analysis and Test Engineer, Chesapeake & Ohio Railway Co., “A Time-saving Auxiliary Instrument.” 

<9) WILL J. WORLEY, Ass’t Prof. of Theoretical & Applied Mechanics, University of Illinois, Urbana, Il, “Slight Alterations 

, of a Standard Hygrothermograph Cuts Costs.” 

HONORABLE MENTIONS (Alphabetical order) (To be published in later issues) 

-ol M. BERRY, General Electric Co., Schenectady, N. Y., “Automatic Optical Contour Follower Cuts Cost of Producing 
a” Airfoil Master Patterns.” 
hl A. L. CHAPLIN, Proctor, W. Va., “Control Installation Pays for Itself in One Week.” 

P. W. DEWEY, Research Dep’t, Standard Oil Co., Whiting, Ind., “‘Automatic X-Y Coordinate Millivolt Recorder.” 
sc.) GALLEY, North American Aviation, Inc., Los Angeles, Calif., “Controlling Costs in Production and Distribution of 
- Utility Fluids.” 

a aye 
fth ve PAUL GRODZINSKI, Industrial Diamond Information Bureau, London, England, “Indentation Hardness Tester.” 
Doe (ra 
4-294 HAND, Special Products Div., Schenectady, and R. C. MILES, Quality Control Engineer, Erie Works, General 
oe Electric Co., “Quality Control Indicator—Management’s Tool to Cut Production Costs.” 
* . : HARD AF SEGERSTAD, Chief Engineer, The Sandvik Steel Works Co., Ltd., Sandviken, Sweden, “Pneumatie Bridg« 
7-2894 or Delta System.” 
Be A. HARTNETT, Honeywell-Brown Ltd., Greenford, Middlesex, England, “Automatic Water Softener Control 
oar H. I. NORTON, Needham, Mass., “Fluid Proportioning.” 
spose V. A. RIGGIO, St. Louis, Mo., “Micarta Orifice Plates.” 
as V. A. RIGGIO, St. Louis, Mo., “‘Modified Air Booster.” 
“4 r V. A. RIGGIO, St. Louis, Mo., “Determining Valve Size to Fit a Control Problem.” 
fact HERMAN RUEGER, Lancaster, Pa., “Flaw Locator.” 
Office HERMAN RUEGER, Lancaster, Pa., “Immersed-object Polariscope.”’ 
ve , VICTOR STUART, Knopf Instrument Co., Jersey City, N. J., “Travelogs.” 
pe eee EUGENE H. WOODMAN, Vicksburg, Miss., “Electric Counting, ete.” 
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Prize-winning articles in Instruments’ contest. See editorial on preceding page. 
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FIRST PRIZE ($200) 
SAVING $1600 PER VALVE INSTALLATION 


By V. A. RIGGIO, 20 Green Acres, St. Louis 15, Mo.* 


HEN our nickel valves corroded so that 
we had no control over an alkylated 
liquor, we tried valve bodies of various 

alloys but with no reasonable success. Experienc- 
ing success with Micarta and Saran (see my other 


contest entries) I decided to make one of Saran 
and Micarta. The body is made from a standard 
2-inch flanged Saran tee with Micarta seat and 
plug, with a top flange machined to fit a Fisher 
or Foxboro or Annin top-work assembly. 

Note on Cost Cutting: When computing valve 
life and maintenance of other valve bodies, we 
found that this one has saved us approximately 
$1600 per valve installation, based on figures 
we have kept on other good alloy valve bodies. 

No wear or corrosion is evident on three of 
these valves after more than six months’ service. 
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entries this entry won First 
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ture on the front cover of this issue 
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more details M. F 


this Contest entry 


See preceding page for 


SECOND PRIZE ($100) 
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Prize 
earned that he is a Monsanto plant Instrument Supervisor 
of Jnstrume 


AFTER this entry had won the 


Micaera Vove 
Pave 


Micarta 
Sear 


hhhh 


z= 
ri 


our of Mr 


ve corresponded with 


Riggio's 


Z, 


nts did NOT come 


) 

S 

\ 

N 

NN 

‘el 

N 
‘N 

Y 

\ 


First 





| r 
A 
it, 


BEHAR 


A TANTALUM STEM 
o Nur sc@eus on MERE 


TEFLON PacewinG 








AUTOMATIC CONTROL HELPS #0 SAVE the COST of 
ONE FURNACE 47 INCREASING PRODUCTION of OTHERS 


By M. A. EMBERTSON, Wheelco Instruments Co., Chicago, Illinois 


ESULTS achieved through the in- 
R stallation of a new wire patent- 
ing furnace, complete with full 
automatic control equipment, in the 
plant of Macwhyte Company, Kenosha, 
Wisconsin, have far exceeded all ex- 
pectations from the standpoint of econ- 
omy and increased production capacity. 
The Macwhyte Company was estab- 
lished in 1896 as the Macomber and 
Whyte Wire Rope Company and has 
consistently been one of the leaders in 
the manufacture of wire rope and wire 
products. Such items as aircraft cord 
and strand, braided wire rope slings, 
elevator cables and wire rope for gen- 
eral hoisting purposes are just a few 
of the many and varied types of wire 
rope produced by this company. Famil- 
iar to industry are such Macwhyte 
trade names as “Iron Grade,” “Traction 
Steel,” “Mild Plow,” “Plow Steel” and 
“Monarch Whyte Strand” Improved 
Plow Steel—this last having the best 
tensile strength. 
Instruments—Vol. 23 
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The Macwhyte Company’s plant in- 
cludes both a wire rope mill and a wire 
mill. Prior to the manufacture of rope 
wire it is necessary to subject the hot- 
rolled wire rod to a heat-treating proc- 
ess called patenting. The rod is then 
pickled at temperature ranging from 
125 to 140 F., lime-coated, and baked 
at from 280 to 320 F., after which it is 
drawn to size. When the wire has fi- 
nally been cold-drawn and is ready to be 
manufactured into rope, it is subjected 
to a series of rigid physical measure 
ments and tests to determine size, sec- 
tion, tensile, torsion, bend, elongation, 
reduction in area and fatigue. 

The patenting process is critical, in- 
asmuch as it has its purpose the 
obtaining of a definite type of grain 
structure. The new 50-foot continuous 
four-zone wire patenting furnace was 
designed and built by Macwhyte engi- 
neers, With Plant Engineer Archie Nay- 
smith and Chief Metallurgist Walter 
Bloxdorf setting the specifications and 


as 


supervising the job. Babcock and Wi! 
cox firebrick was installed by R. M 
Onan of Milwaukee. Each of the fou 
heating zones is closely controlled ! 
a Wheelco “Model 241X Xactline Ca} 
acitrol” which actuates a Barber-Co 
man motor to operate a variable-port 
North American Valve. Burners art 
manufactured by Eclipse Fuel Eng 
neering Company. 

The raw material consists of hot 
rolled wire rod ranging in carbon cor 
tent from 0.15 to 0.85 percent. The 
new 50-foot furnace can handle 4% 
strands of material at a time in sizes 
from 0.090 inch diameter wire up t 
five-sixteenths-inch diameter rods 
30-foot two-zone furnace (also Whe 
controlled) is used for treating wir 
smaller sizes and can handle 60 strands 
at a time. 

The wire is fed into the furnace f 
reels (also called “swifts’) where 
passes through each of the four zones 
there temperatures are closely mai! 











Fig 


1. View of instrument panel showing the automatic temperature controllers for four-zone 


continuous wire patenting furnace and electrically-heated nitrate salt bath. 


tained within the range of 1775 to 
1825 F. depending upon the size and 
ality of the wire being processed. 
ese temperatures are also indicated 
nthe scales (0-2000 F.) of the Capaci- 
i trols which use straight type Chromel- 
\lumel thermocouples as sensing units 
the four zones. recorder provides 
, permanent record of the heat treating 
peration. The desired size of the fin- 
shed wire determines the number of 
times the stock is given the patenting 
atment 
the wire leaves the furnace it 
an electrically-heated nitrate- 
salt bath, the temperature of 
ich ranges from 950 to 1000 F., there- 
y providing a constant temperature 
transformation to develop definite grain 
ure and physical properties. The 
end of the salt bath is 
by a Wheelco “Model 
ilog” indicating and 
rip-chart recorder. This instrument 
ntrols and the temperature 
nsed by an angle type thermocouple 
nserted into the salt bath, with an ac- 
racy of plus-or-minus 10 F. The exit 
if the salt bath is controlled by an 
cating pyrometer controller. A 
eeleo “Limitrol” (high temperature 
will be added to the salt bath 
rol system in the near future to 
de protection against overshoot- 
f temperature. 

-driven blocks, rotated through 
reducers, are used to pull the wire 
' the swifts, through the furnace 
alt bath, and rewind them into 

form prior to transporting on over- 
conveyors to the Pickling Depart- 


con- 
7001 
controlling 


records 


olled 
ne Cal 
‘ber-( 
ble-port ne 
i 


ers 


intention of 
engineers to install three 
and 30-foot fur- 
for their patenting operation. The 
rnaces had been capable of han- 
1500 Ibs. of wire or rod per hour. 


was the 


ginally it 
vnyte 
it furnaces 


one 


Fig. 2. Wire being pulled through patenting furnace, salt bath and wash prior to 
being re-wound into coil form and transported to Pickling Department. 


The new 50-foot furnace with complete 
automatic contro] now turns out an al- 
most unbelievable record of 4000 Ibs. 
per hour. It was assumed that the new 
installation would perform at 35 per- 
cent efficienc however, it been 
operating for several months at 
cent efficiency. As a result, the company 
will now use two 50-foot furnaces and 
one 30-foot furnace, thereby saving 
the tremendous cost of another 50-foot 
furnace without sacrificing production 
capacity in practicing this economy. 
In addition to the advantages listed 


nas 


85 pet 


above, Mr. Naysmith and Mr. Bloxdorf 
assert that the present patenting opera 
tion is so effective that it has decreased 
the pickling time 30 percent. Less fuel 
is being consumed now than before and 
it is quite possible that an additional] 
fuel saving will result when the locality 
is furnished with natural gas next year 
The furnace is now operating on pro 
pane, Last but far from least, the pat 
enting with automatic control 
lers has been instrumental in maintain 
ing and improving the general over-all 
quality of Macwhyte products. 
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HE operators of the chemical 
Trane where I work require a 

continuous indication of the pres- 
sure of hot caustic slurry that flows in 
a 12-inch pipe. At first the pressure 
was measured by means of a Bourdon- 
tube pressure gage that was connected 
to the 12-inch pipe by a smaller pipe 
in the usual manner. That method was 
unsatisfactory and the expense of 
maintenance was high, because the 
slurry that stood and cooled in the 
small pipe deposited scale and other 
solids which soon plugged that pipe 
and kept the gage from working 
properly. 

About six months ago I found that 
one of the commercial forms of sealed- 
off gages could be modified to give the 
desired continuous indication. The in- 
struments referred to include the “O” 
Ring Seal, sold by Industrial Instru- 
ment Co., Odessa, Texas, and the No. 
1073 Gage Saver, sold by Manning, 
Maxwell, and Moore, Inc., Bridgeport, 
Conn. Each consists of an ordinary 
pressure gage attached to a pressure- 
responsive member comprising a liquid- 
filled rubber bulb in a metal housing 
that the user can connect, by tubing, 
to any desired pressure point. 

The modifications consisted in (1) 
eliminating the bulb housing; (2) in- 
serting a stiffening rod into the bulb: 


FOURTH PRIZE ($50) 


THIRD PRIZE ($75) 
MODIFIED GAGE ELIMINATES MAINTENANCE COs [s 


By E. E. STOCKWELL, Baton Rouge, Louisiana 
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and (3) providing a threaded support- 


ing part between bulb and gage. 
These modifications allowed the 


> as- 


sembly to be screwed into a 
opening in the slurry pipe so 
bulb was inside and in the hot 
while the gage was directly 
The accompanying sketch show 
was done. 

One of these instruments, wl 


— Asncrof 
(0-100 





Caustic Siur Rubber Busy 





modified for me by Industrial Instry. 
ment Co., Odessa, Texas, has been 
continuous service for about six mont! 
where the caustic slurry has a tempers 
ture about 205 F. and a pressure aly 
40 psi. No trouble from deposit 
solids has occurred in that time, ar 
the gage continues to be sensitiv: 
pressure changes. 

This scheme for measuring pressur 
may have many applications, parti 
larly where concentrated solutions tha 
deposit crystals, or slurries that de- 
posit solids, would have to be allowed : 
stand and cool in the commonly-usé 
connecting pipes between 
gage. 
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REFRIGERATION TEMPERATURE and PRESSURE CONTROL 


By H. H. BAKER, Instrument Dep’t, Aramco, Dhahran, Saudi Arabia 


HE subject of this entry is the 
control of a large diaphragm 
valve with a refrigeration expan- 

sion valve, one of a type that has 

external equalizing connection. The 
one used in this problem was an Alco 

Freon 12-expansion valve (Type-TCL, 

Constant 3F, 6-ton Tubing 5). 

The problem which was thus solved 
was to control brine in vegetable stor- 
age to maintain a temperature of 38 
to 40 F., with a 1%-inch diaphragm 
valve. 

I submit two sketches to explain how 
temperature and pressure were con- 
trolled with the unit which I devised. 
In both the internal equalizing 
hole was up and external con- 
nection was used. At this point we 
connected an instrument air reducer, 
the type used in air transmitters. 


cases 


closed 


As the bulb has a definite 
for each temperature, the pressure to 
be applied to the equalizer of the Alco- 
F12 expansion valve to control tem- 


pressure 


frigeration service manual 
12. From this table the pressure 
for checking the new unit 


Was at 


of Freon 


used 
32 


F. or a bath of cracked ice. The pres- 
sure given for F12 was 44.77 psia. or 


30.07 psig. From this pressure 
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be subtracted internal spring pre 
which was set at 5 psi. in this cas 
and closed off controlled air to 
valve at 25.07 psig. 
I will give a few 
taken from the 


gage press 
refrigeration ser 
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Fig. 2 for pressure. 


30 F. 28.46 psig; 40 F. 36.98 


lefer to Fig. 1 for temperature and 


The pressure unit was made from 
an old Freon-12 expansion valve the 
bulb of which had lost its charge of 
gas. We cut off the tube and soldered 
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a quarter-inch flare half-union to the 
top where the bulb tube was connected; 
then we connected this to the line on 
the low side of the large diaphragm 
valve (which is of the type which 
travels fully from 3 to 15 psi. control 
pressure). 

Two air reducers are used: No. 1 
for control to equalizing side of the 
Alco expansion valve; No. 2 sets the 
air supply, so that the large valve 
diaphragm will never get more than 
18 or 20 pounds of control air pressure. 

A small orifice is placed in the 
quarter-inch pipe plug, drilled one- 
eighth inch; and we use a No. 14 gage 
wire through this hole to assure of not 
stopping up. 

To regulate this unit, air on the 
lower side of the diaphragm of the 
Alco expansion valve is changed to in- 
crease or decrease the pressure to be 
controlled. No. 1 reducer is used to 
control equalizer pressure or change 
to any pressure selected. 


TANK - FILLING CONTROL ENDS COSTLY SPILLAGE- 


WASTE, SPEEDS OPERATIONS 


By MARVIN M. FROMM, Greensburg, Pa. 


in a chemical plant are required, 
in addition to their other duties, 
to fill vertical still charging tanks (Fig. 


espera of batch resin stills 


pump can be 
there, or by 


the pump house. The 
stopped manually from 
PB-1 on the still floor. 

At the top of each charge tank, a 





If the operator is not on the floor, 
and stage 2 is reached, the red light 
goes on and relay R-1 is operated, 
automatically stopping the pump. When 


1). The next charge, therefore, is two-stage Schaub ‘Magnetrol’” is relay R-2 is operated to turn off the 
ready as soon as the previous bottoms mounted, with only the float ball con- horn, the normally-closed R-2 contact 
ire drained from the still. 
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many occasions, the operator was tacting the resin solution. These are in series with M-1-2 is opened, reclos 


elsewhere when the charge tanks 
full. Quantities of resin solution, 

several hundred gallons, over- 
d and had to be removed from the 
quite a few times. 

save this time and money, a 
y shut-off system for two charge 
s was designed. It is shown schem- 
lly in Fig. 2. The charge pump 

starter is operated by PB-4 in 


designated as M-1 and M-2, with each 
stage shown as a separate contact. 
The stages are two inches apart. 
When pumping into No. 1 charge tank, 
for example, if stage 1 in M-1 is 
reached, a white light goes on and the 


set 


horn sounds to remind the operator 
that action is required. He pushes 
PB-2 to silence the horn, and turns 


off the pump with PB-1. 


ing the R-1 contact in the pump start 


ing circuit. This allows the pump t 
fill the other charge tank, with the 
M-2 Magnetrol ready to operate if 


required. 

tesin must be cleaned from the float 
ball periodically, but the period is not 
critical, and the operation is easily per- 
formed, since the tanks are open on 
top. 
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A TIME-SAVING AUXILIARY INSTRUMENT 


By JOHN A. KELL, Analysis and Test Engineer, Chesapeake & Ohio Railway Co., Cleveland, Ohio 


UR most-used instrument is an 
CO) cscitogranh containing high- 

sensitivity galvanometers. that 
require no amplifiers for low-frequency 
strain and vibration measurements. 
When working on passenger and 
freight cars this is an important con- 
sideration. 

In earlier tests with this device, it 
was our practice to devise balancing, 
attenuating and calibrating circuits for 
each job. This work, plus the work of 
mounting accelerometers, displacement 
devices and strain gages, often took 
two men as long as a week’s prepara- 
tion. This work was sometimes done in 


OR 


B.L.VUE 


least 30 man-days to the present. At 
25 to 30 dollars a day, the instrument 
has paid for itself and saved the com- 
pany at least 500 dollars. 

The apparatus consists of six circuits 
designed around Wheatstone bridges. 
There is a means of applying any of 
three d-c. voltages to the six circuits, 
a calibrating circuit which shunts any 
of eight calibrating across 
either of two adjacent legs of any of 
the six bridges, two legs of a 120-ohm 
bridge which may be removed if de- 
sired, sense-reversing switches, balanc- 
ing controls and attenuators for 
with the oscillograph. (See circuit dia- 
gram.) 


resistors 


use 


This instrument is design 
used also with our six-channe 
fier. 

This instrument was not ; 
designed to save money but 1 
improve the usefulness of our 
mentation. It seems to me that 
case, improvement of instrum: 
yielded financial gains throug} 


tion in costs of tests. This inst: 


has been used on freight-truc 
between Grand Rapids and D:¢ 
passenger-car test on the 


seven laboratory setups 
tests are scheduled for it 
next few weeks. The cost of th: 
was less than fifty dollars. 
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the field, with additional 
expense. 

After several we devised the 
six-channel control and_ calibrating 
unit, described herein, to work with the 
oscillograph. It has proved to be suffi- 
ciently flexible to take care of all our 
needs. 

Since designing this unit, preparation 
for tests seldom exceeds a day since it 
is only necessary to devise vibration 
pickup mounts and apply strain gages. 
It has been used on eight test setups 
so far and no serious faults have de- 
veloped. Estimated time saved is at 


consequent 


tests, 
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SLIGHT ALTERATIONS OF A STANDARD 
HYGROTHERMOGRAPH CUT COSTS 


By WILL J. WORLEY, University of Illinois, Urbana, II. 


THE GENERAL PROBLEM 


OR the past ten years we have 
F maintained the temperature and 
relative humidity at 77 plus-or- 
minus 1 F. and 50 plus-or-minus 2 per- 
cent, respectively, in our plastics test- 
ing laboratory. A continuous record 


© of the temperature and relative hu- 
© midity has been obtained with a Friez 


hygrothermograph which records on a 


= weekly chart. 


Some four years ago we installed an 
auxiliary circular-chart type instru- 


> ment. This instrument used wet- and 


dry-bulb liquid thermometers and con- 
tained control relays; it was used to 
record the wet- and dry-bulb tem- 
peratures and the relays were used to 
signal when the conditions were not 
within the control band. 

The primary purpose of this re- 
corder-controller was that of signalling 
when the room conditions were out of 
control since the Friez hygrothermo- 
graph provided a very satisfactory rec- 
ord of the existing conditions. 

One of the difficulties with this sys- 
tem resulted from having to continually 
replenish the distilled water supply 
for the wet- and dry-bulb wicks and 
from having to replace the wicks at 
indefinite intervals. Tap water was 
found to be too high in mineral content 
to be used effectively. Even with dis- 
tilled water, the signal system was 
found to operate almost as often due 
to running out of water, or to dirty 
wicks as it did due to the conditions 
in the room being out of control. 

The distilled water had to be trans- 
ported from another building, several 
blocks away. This further increased the 
cost and inconvenience of the system. 

It was essential that control over the 
conditions in the laboratory be main- 
tained on a twenty-four hour basis. 
This required an attendant to be “on 
call” day or night and the great number 
of false alarms which resulted from the 
above-listed causes also increased the 
cost due to overtime. 

The major problem was thus to pro- 
vide a_ trouble-free signal system 
requiring less attention than the one 
described above and with a minimum 


of new equipment. 


ALTERATIONS FOUND NECESSARY 


lt oceurred to us that the Friez 
hygrothermograph afforded an excellent 


means of signalling when the room 
conditions were out of the tempera- 
ture or relative humidity control band, 
provided we could mount extremely 


a 


ble contacts in such positions as to 
tact small wires near the ends of 
pen arms on the instrument. It was 

that extremely light pressures 


must be used if the contacts were not 
to impede the recording pens. These 
light pressures would require low volt- 
ages and low currents if the contact 
resistance was not to have too great 
an effect on the system. 

The two-pen arms of the Friez unit 
were fitted with light-weight contacts 
and lead wires were brought out at 
the axis of rotation of the pen arms 
in order to minimize the force. Four 
flexible contact wires were then mounted 
on a vertical post which is normally 
used to move the pen arms away from 




















the chart. These contact wires were 
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connected to a common lead and the 


lead wire was connected to a suitable 
relay circuit as shown in the wiring 
diagram. 

The contact wires were made of No. 
28 Chromel thermocouple wire, about 
0.013 in. in diameter. Each of the wires 
was formed into a helix with a mean 
diameter of 0.3 in. and having four 
turns. The wire at one end of the helix 
was fastened to the support, the other 
end was looped out 1.5 in. and bent back 
to the contact point on the pen arms. 
This loop plus the helix resulted in a 
very flexible eontact thus causing a 
negligible error in the pen arm position 
during the time when the pen arms were 
indicating out of the control band. 
Normally the contact wires have no 
effect on the pen arms since they are not 


in contact when the system is in 
control. 
A Struthers-Dunn sensitive relay, 


No. 112X AX, having a 2.0-volt d-c. 6.25- 
ma. coil was connected to a 1.6-volt 
d-c. voltage output from a Schauer 
Electrox copper oxide instrument recti- 
fier Type B4. The rectifier was coupled 
to a 110-v. 60-cycle supply by means of 
a Thordarson 110-v. to 2.5-v. filament 
transformer. The relay shunted 
with an 8.0-microfarad dry electrolytic 
capacitor which served to filter the rec- 
tified voltage. The contro] relay in turn 
actuated an HB Instrument Co. mer- 
cury plunger relay which caused the 
signal horn to sound. The switch be- 


was 


tween the horn and the point B on the 
circuit diagram was used to disconnect 
the signal horn but permitted a red 
signal light to remain on as long as the 
conditions were out of control. 

This simple addition to our existing 
Friez instrument resulted in a_ sub- 
stantial saving in maintenance time and 
expense. We have never had any signals 
result from malfunctioning of the signal 
system as occurred with the system de- 
scribed earlier. The useful function of 
the recorder-controller has been com- 
pletely replaced by this system and 
results in a saving of approximately 
two hundred dollars in instrumentation. 


AUTOMATIC-RESET DEVICE ADDED 


Another feature which we were able 
to incorporate in this system, which 
resulted in a further saving in time 
and expense, was an automatic-reset 
device. Before installing this feature it 
was necessary to have an attendant 
stay at the laboratory or return to it in 
order to turn on the switch between the 
signal horn and point B in the circuit 
diagram, after the room had again 
returned to the proper conditions. 

Referring to the diagram, it was 
necessary to connect the circuit (en- 
closed in dotted lines) at points A, B, 
and C, and to remove the wire between 
points A and B. The switch between 
the signal horn and point B is not used 
except when it is desired to have the 
signal horn turned off for adjusting 
the control band width. It is only neces- 
sary for the attendant to use the push 
button to disconnect the horn from the 
circuit. The normally-open relay then 
holds the normally-closed mercury 
plunger relay open until the contacts 
break on the Friez instrument. When 
the Friez instrument contacts break, 
the normally-open mercury plunger 
relay opens, thus de-energizing the 
automatic reset relays. 

The two relays used in the automatic- 
reset circuit could of course be replaced 
by a single relay with suitable contacts 
and power-carrying capacity. 

The writer wishes to acknowledge 
the assistance of Mr. Robert E. Duff, 
Jr., who assembled the necessary ap- 
paratus for converting the Friez instru- 
ment and drew the circuit diagram. 
The writer also wishes to acknowledge 
the assistance of Professor Howard C. 
Roberts who gave several helpful sug- 
gestions on the organization of this 
article. 

The devices discussed are located in 
the Plastics Laboratory at the Univ- 
sity of Illinois. This laboratory is under 
the direction of Professor W. N. Find- 
ley who encouraged the development of 
the above-described apparatus. 
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THE MASS SPECTROMETER 
Its Accomplishments, Applications and Future 


By KENNETH E. BURMASTER, Ass’t Dep’t Supervisor, Mass Spectrometer Section, Laboratory Division 
and ERNEST C. EVANS, Development Engineer, Mass Spectrometer Section, Laboratory Division, 
Carbide and Carbon Chemicals Corp., Oak Ridge, Tennessee. 


UMEROUS inventions have 
N done and are doing a great 
service to mankind; yet few 
people know of them. Those with which 
we come into contact every day, such 
as the electric lamp and the radio, are 
well-known to all. Others, by the nature 
of their service, are confined to certain 
groups of people. The electric generator 
is well-known by those people in the 
electrical field; the radio transmitter by 
the radio engineers. But even with 
these, the public knows of their exist- 
ence and generally what service they 
render. The mass spectrometer, on the 
other hand, is not well-known within 
the technical groups with which it is 
associated; and to the general public its 
services and even its name are prac- 
tically unknown. One reason is the rel- 
atively small number of mass spectrom- 
eters; another reason is that the accom- 
plishments of the mass spectrometer, 
though of great value to mankind, have 
not been glamorized by the newspapers. 
Mass spectrometry has not only 
played an important part in advancing 
science frontiers but also in shaping 
the technological progress of the world. 
While much fundamental scientific 
knowledge has been uncovered by the 
mass spectrometer, this instrument has 
been indispensible also in many fields 
of applied science. Its applications have 
varied from serving as a “drunkometer” 
to producing atomic bombs. But what is 
this electromechanical robot; what does 
it do, and how does it do it?! To answer 
this question let us start with its origin. 
If one searches back into the scien- 
tific journals he will find several ar- 
ticles about F. W. Aston who is credited 
with making the first mass spectro- 
graph: in 1912 at the Cavendish Lab- 
yratory in England.? The mass spectro- 
meter is a modification of Aston’s mass 
spectrograph in which the answer is 
read from an electrical instrument in- 
stead of a film and, because it gives 
more accurate answers, it is in more 
general use today. It is only fair to 
say. however, that Thompson made a 
positive ray apparatus in 1907 which 
contained many of the essentials of the 
mass spectrograph and led the way to 
its development.* Since the mass spec- 
trometer is the latest and most widely 
used development of the two instru- 
ments, a description of its operation 
will be given. 

Although the mass spectrometer is 
capable of accomplishing many amazing 
feats, the theory of its operation is quite 
simple. The “senses” of the mass spec- 
trometer are located in the analyzer 
tube which, with its associated elec- 
trenic units and vacuum pumps, ana- 
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lyzes the sample. Referring to Fig. 1, 
the operation of the instrument com- 
mences with the admission of a sample 
into the source. The source is contained 
in one end of a bent tube (the analyzer 
tube) inside of which a high vacuum 
is maintained. In the source the sample 
is ionized: it is broken up into charged 
particles which are representative of 
the original sample. This is usually ac- 
complished by bombardment with elec- 
trons supplied from a_ hot filament. 
These charged particles, or ions, are 


ple 


din gauss 
= acc/erar 79 potentia n electron volts 
= radius Of curve 
Fig. 1. 
subjected to an electric field which ac- 
celerates them towards the bend in the 
tube. At the start of their journey the 
ions are made to pass through a sys- 
tem of narrow slits, and emerge through 
slit S,, which collimates them into a 
thin beam or ribbon. This beam of ions 
passes down the tube until it reaches the 
portion crossed by the magnetic field. 
This field causes the ion beam to bend. 
As it bends, it fans out: the light ions 
are deflected considerably; while the 
heavy ions are deflected very little. Fig. 1 
shows the heavy ions as dashes and the 
lighter ions as dots. This deflection ef- 
feetively separates the ion beam into 
a fan or spectrum of the various masses 
present, much as sunlight is separated 
into its various colors by a glass prism. 
By varying either the accelerating po- 
tential or the magnetic field strength, 
ions of any mass may be made to pass 
through slit S, and to strike the collector 
plate located at the opposite end of the 
analyzer tube. The equation for the ana- 
lyzer tube illustrated is given in Fig. 1. 


= magnetic fie 


in centimeters 


Nier type mass spectrometer. 


The quantity of ions impinging 

collector can then be measu: 

means of an electrometer, whic} 
extremely sensitive electric-c 

measuring instrument. A prope: 

ematical treatment of the data ob: 
will reveal both the chemical co: 
tion of the sample and the rx 
amounts of each component. 

In accomplishing its qualitativ: 
ysis the mass spectrometer actually 
measures the mass to charge rati: 
(m/e in the equation of Fig. 1) of the 
characteristic ions formed from the 
various constituents of a sample. Since 
the charges on the ions are usually one 
unit charge, relative mass may be de. 
termined directly, but sometimes the 
charge equals a small whole number 
times unit charge, which may caus 
some difficulty. For example, a par- 
ticle of two charges may strike the col. 
lector with one of unit charge and half 
the mass. Special operational tech. 
niques have been developed to cope wit! 
this situation. The mass spectromete: 
is, in fact, the most accurate means 
of obtaining relative mass measure- 
ments—which may be determined t 
within one part in 100,000.4 It meas- 
ures the mass of a particle as related 
to the mass of another particle, usually 
as referred to oxygen as 16 mass units 
in the chemists’ table. Some of the bet- 
ter instruments can resolve ions hay- 
ing a difference in mass of only one 
part in 30,000.5 Its unique abilities 
and high degree of accuracy have made 
it very valuable to the research scien- 
tist. 

The mass spectrometer has made 
many outstanding contributions to the 
field of science. The initial work ac- 
complished by the first mass spectro 
graph was done by Aston on neon gas.’ 
This gave the first satisfactory evidenc: 
that neon consisted of isotopes, the 
mass of each being a whole number 
and it was definite proof of the exist 
ence of isotopes. As later work 
done on other elements it seon becam: 
evident that the masses of all atoms, ti 
a close approximation, were whole num 
bers (multiple of some unit). This ex 
plained why, in Mendeleff’s periodic ta 
ble of elements, the atomic weights o! 
the elements were near to, but not al 
multiples of some unit—some commo! 
building block.7 The reason becam¢ 
vious: that many of the elements wer 
actually a mixture of isotopes of differ 
ent mass. Through continued use of the 
mass spectrometer by such men as As 
ton, Bainbridge, and Dempster, accu- 
rate measurements of the relative mass 
of the majority of the elements 
their isotopes were made and tabulat 
Bainbridge accurately established 
comparison of the masses of light pa! 


by 
5 an 
rent- 
nath- 
aineg 
{posi- 


ative 


anal- 


was 


Pall 
/ 
J 
¢ 











on 
rs the 
ured by 
ich is an 
“Current. 
er Math. 
ODvalned 
Composi.- 
re ative 
ive anal. 
actually 
ze ratio 
) of the 
rom =the 


e. Since 
ally one 
y be de. 
mes the 
number 
VY cause 
a Ppar- 
the eol- 
ind half 
il tech- 
pe with 
rometer 
means 
leasure- 
ined t 
meas- 
related 
usually 
iS units 
the bet- 
Is hay- 
ly one 
bilities 
e made 
scien- 


mace 
to the 
rk ae- 
pectro 
Nn gas,‘ 
idence 
Ss, the 
umber 
exist 
k was 


eCcamMe 


yms, th 
e num 
his ex 
dic ta 
hts of 
not al 
yMMor 
ne ob 
5 were 
differ 
of the 
; oe AS 
accu 
+ mass 
$ and 
lated 
d he 
t par 










» spectr 








und in nuclear disintegration 


ticles 1 é 
and m this obtained experimental 
proof Einstein’s theory of the rela- 
tion ween mass and energy.5 The 
F velocity of a variety of both positively 
and gatively charged particles was 
studied under many conditions, and the 
ratio of the charge to the mass was ac- 
F oyrately determined. Since the mass 


meter could separate the isotopes 
of an clement (an impossible fact to ac- 


F complish by chemical means and a very 


difficult one to do by physical methods) 


' it was used to produce isotopes for pur- 


poses of basic research. The first ura- 
nium 235, an isotope of uranium 238, 
was separated by this means by A. O. 
Nier in 1941.® 

Another outstanding scientific accom- 
plishment of the mass spectrometer is 
its ability to take apart complex organic 


molecules and reveal their internal 





exertion. In another test the patient 
may be given food containing an ab- 
normal ratio of isotopes. By later re- 
moving small pieces of tissue, bone, or 
blood from the patient and analyzing 
these spectrometrically, the presence of 
the food in each can be determined. In 
the field of biology, Pollard and David- 
son mention the following experiment: 
Thus if carbon dioxide containing 
10 percent C,. [Carbon 13], in place 
of the usual 1 percent, is given a 
plant to breathe, any part of the 
plant which subsequently shows that 
the proportion of C,. is abnormally 
high must have received that C,, 
from the labeled carbon dioxide. A 
sample of material which has an ab- 
normal ratio of isotopes though it is 
chemically identical with ordinary 
material, is nevertheless detectable 
by the mass spectrometer.!0 
The commercial applications of the 





structure. Many organic compounds 
have molecules consisting of the same 
number and kinds of atoms, but these 
atoms are bound together in many dif- 
ferent patterns, each one producing an 
organic compound with different char- 
acteristics. These complex molecules 
break up into representative ions when 
bombarded by electrons; and, when 
they are analyzed by the mass spectro- 
meter, they reveal the structure of the 
organic molecule. Isomers may be 
analyzed with little difficulty. Fig. 3 
illustrates the possible dissociation of 
the butane molecule and the isobutane 
molecule due to the electron bombard- 
ment. Normal butane will break up into 


more ions of mass 29 than isobutane 
since the fracture of one of its carbon 


bonds can produce two ions of mass 29, 
while it would require the fracture of 
two carbon bonds to obtain one ion of 
mass 29 from isobutane. Similarly, 
there are three points in the isobutane 
molecule where a single carbon bond 
may be broken and an ion of mass 43 
ed. In the normal butane molecule 
there exist only two such points. It is 
a quick, easy method of accomplishing 
a task which would be a long difficult 
ne to do by other means. Medical re- 

ch has been greatly advanced by 

mass spectrometer. Rapid and ac- 


curate analysis of the components of a 
nt’s breath are possible, thereby 
g an instantaneous picture of his 
olism under different degrees of 


A modern mass spectrometer (Courtesy Consolidated Engineering Corp.). 


mass spectrometer are as numerous as 
they are varied. It is rapidly becoming 
an integral part of all large industrial 
laboratories where it is utilized for both 
research work on improving processes 
or developing new products, and also 
for inspecting the finished products. For 
an example of what it means to a mod- 
ern petroleum industry’s laboratory, 
Deegan says the following about what 
the mass spectrometer does: 
1. Solves problems that can’t be 
solved by any other method, or 
2. Solves problems so much quicker 
than any other method, that it 
saves enough time to pay for it- 
self, or 
3. Although there are other methods 
to solve some of our problems, 
they take too long to be of any use 
in checking operating processes. 
He further states: 

One of the things that makes it 
particularly useful to the petroleum 
industry is the fact that such closely 
related hydrocarbons as normal bu- 
tane, isobutane, and butene, or nor- 
mal pentane and isopentane, can be 
distinguished from each other, and 
each one measured separately just 
as easily as any other molecules.!! 
Many other industries such as the 

gas, chemical, and rubber industries, 
rely a great deal upon gas analysis. The 
mass spectrometer is especially suited 
to the analysis of gases and complex 
mixtures of gases. Old methods of 
chemical analysis still being used in 


most laboratories have serious limita- 
tions, although they do give valuable 
information. The mass spectrometer 


can resolve a complex gas mixture in 
one operation and within a few minutes. 


The analysis is fast and there is no 


hold-up time.! 


The increased use of the mass spec- 


trometer in industry is bringing forth 


many new developments and these are 
helping to widen the field of applica- 
tions of this instrument. Recent im- 
provements have made it possible to 
perform quantitative analyses of mix- 


tures of chemical solvents, organic in- 


termediates, and derivatives with the 
mass spectrometer.!”.*9 In the past, the 


poor performance of the mass spectrom- 
eter with samples containing water or 


alcohols limited its use in the solvents 
industry. With this new ability to ana- 
lyze both water and alcohols, the useful- 
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Fig. 3. Possible dissociation of the butanes 


by electron bombardment. 


ness of the mass spectrometer to the 
chemicals industry has increased tre- 
mendously. Now, practically any ma- 
terial which has sufficient vapor pres- 
sure to be admitted into the sampling 
system can be analyzed. Even samples 
containing as much as 99.9 percent 
water can be run. The increased sensi- 
tivity of commercial mass spectrometers 
is making them especially suited for 
purity studies as they are now able to 
measure even trace quantities of im- 
purities in a sample. The use of this 
powerful analytical tool is rapidly in- 
creasing in the new synthetic fuels in- 
dustry where the analysis of the many 
oxygenated materials making up the 
by-products is of paramount import- 
ance.?! A few months ago 8000 analyses 
of light hydrocarbons were performed 
by about seventy laboratories. Such in- 
struments as infrared and ultraviolet 
spectrophotometers and the mass spec- 
trometer were used in addition to low- 
temperature distillation and various 
chemical processes. In reviewing the 
tests Starr and Lane wrote:2* 

The mass spectrometer method ap- 
pears to be best for the determina- 
tion of individual paraffin hydro- 
carbons, total butenes, and butadiene 
in high concentrations. 

An extremely efficient method of lo- 
cating minute leaks in vacuum systems 
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has been developed by utilizing the 
mass spectrometer. This is accom- 
plished by spraying a gas (usually heli- 
um) over the outside surface of the 
vacuum system and continuously sam- 
pling the gas from inside the system 
with a mass spectrometer. When the 
spectrometer shows the presence of the 
gas which was sprayed upon the out- 
side, it indicates that this gas has en- 
tered a hole in the vacuum system. By 
localizing the gas spray to a small area, 
the exact location of the leak may be 
determined. Leaks so small as to ad- 
mit only 10-® standard cubic centi- 
meters of helium per second are de- 
tectable. 

Recent developments!® in the leak- 
testing method have made the leak 
detector applicable to the testing of 
pressure systems. In this case the sys- 
tem is filled to a positive pressure with 


helium (or a mixture of helium and 
another gas). A probe consisting of a 
small suction nozzle is attached to a 


rubber hose, the other end of which is 
connected to the leak detector-sampling 
line. This probe is passed over the outer 
surface of the pressure system, and any 
helium leaking out will be sucked into 
the probe and indicated by the leak de- 
tector. A careful probing of the surface 
will pin-point the location of the leak. 
This method has been used to test 
buried natural gas lines for leaks. Leak 
testing is important in the fabrication 
of high-vacuum equipment, cyclotrons, 
refrigeration units, supersonic wind 
tunnels; in the manufacture of radio 
tubes, transformers, rectifiers; and in 
the construction of large industrial 
plant equipment which is to operate 
under vacuum. In fact it is essential in 
the manufacturer of the mass spectrom- 
eter itself. This phase of mass spec- 
trometry is becoming so important that 
several large companies are now manu- 
facturing leak-testing equipment in 
quantity.!* 

Owing to the loss of time and the ex- 
pense of taking samples of plant proces- 
ses and transporting them to a labora- 
tory, many laboratory instruments have 
been moved into the plant. In many 
processes the time required for an anal- 
is of great importance since any 
change occurring in the plant’s oper- 
ation should be known immediately by 
the operating personnel. This enables 
them to apply corrective measures be- 
fore the malfunction has gone far 
enough to destroy the product or, in 
some cases, the production equipment. 
The mass spectrometer is especially 
suited for such work since it accom- 
plishes its analysis rapidly and, in addi- 
tion, may be used for either a batch 
method of analysis or for a continuous 
analysis. In the latter case, a recorder 
has been used to continually print both 
the qualitative and quantitative anal- 
simultaneously as they are re- 
ported by the spectrometer. In fact, a 
step further may be taken and the sig- 
nals given by the mass spectrometer 
may be employed to automatically con- 
trol the process. The instrument is then 
quite applicable to the design of the au- 
tomatic factory and is not unlike an 
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automaton. In connection with this 
automatic feature, the mass spectrom- 
eter may be used to give warning of 


a dangerous condition existing in a 
plant. Such a condition might arise 
in the plant processing of explosive 


chemicals or in the liberation of poison- 
ous gas into sections where workers are 
present. 

The versatility of the mass spectrom- 
eter is evidenced by the fact that it 
has been used as a “drunkometer” to 
analyze the alcohol content of the 
breath from suspected drunks, and as a 
“calutron” to make atomic bombs.* It 
heiped usher in the Atomic Age: The 
discovery of the material used in the 
first atomic bomb, the production of the 
first minute quantity of the material, 
the later large-scale production and 





Fig. 4 (left). Nier type mass spectrometer: 
vacuum system. Fig. 5 (right). Bent analyzer 
O. Nier, reference 29.) 


analysis of it, were all done either en- 
tirely or in part by the mass spectrom- 
eter. Dempster, using a mass spec- 
trometer, discovered uranium 235, an 
isotope of uranium 238, and reported it 
in 1935.!4 Nier separated samples of 
235 in his spectrometer and 
them to the atomic energy 
project for the early experiments on 
bomb materials.'5 As the work pro- 
gressed, the mass spectrometer was in- 
dispensible in the analysis of the urani- 


uranium 
supplied 


um-separation processes. The first 
plant to produce uranium 235 was 
the electromagnetic plant which util- 
ized immense mass spectrometers 


or “ealutrons” to separate it from 
uranium 238.'6 A mixture of the 
two uranium isotopes was fed into the 
source of the huge instrument and the 
adjustments made so that uranium 235 


£00 


accumulated on the collector plate. 
Calutro s a contraction of CALifornia 
University eveleTRON EDITor 





Since these large spectromet: : 
ated under vacuum, as did > th 
mammoth gaseous diffusion pl) it cop, 
structed later, leak testing wa of 

most importance both in the © .stpy. 
tion and during the operation f hy 
plants. Here, again, the mass s) ¢t; 


eter could fill the need. Then. jp 4; 
process of separating uranium 2 5 fro, 
uranium 238, there was alw: ys 

question of how well the plant p: scesy 
were accomplishing their wi a 


analysis of the quantity of <<otope 
present at each stage of the 
would be of great value. But what fas 
accurate means of analyzing jsotop 
abundance could be found—the mas 
spectrometer, of course. In ritin 
about the atomic energy project, Smy 
makes the following statement :!7 





electronic equipment, analyzer tube, and 
tube and vacuum system. (From Alfred 


Among the various instruments 
signed or adopted for project ust 
the mass spectrograph [spectron 
eter] deserves special mention. T 
project was fortunate in having t 
assistance of A. O. Nier—whose mas: 
spectrograph methods of isotops 
analysis were sufficiently advance 
to become of great value to the pro)- 
ect, as in analyzing samples of en- 
riched uranium [higher 235/238 ra- 
tio than in natural ore]. Mass spec- 
trographs were also used in pretest- 
ing parts for vacuum leaks and {fo 
detecting impurities in the process 
gas in the plant. 

It is evident that in the producti: 
the first atomic bomb, the mass spé¢ 
trometer not only aided in the construc: 
tion of the plants and produced materia 
for the bombs, but analyzed the prod- 
uct and watched over the process. T 
say that it was indispensible in produc- 
ing the first atomic bomb and to thé 
development of atomic energy is t 
it very lightly. 
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Fig. 6. A modern mass-spectrometer-type 
leak detector being used for leak testing. 
The operator is spraying helium gas on the 
test object and watching for an indication 
of a leak. (Courtesy Consolidated Engineer- 
ing Corp.). 


While the mass spectrometer has al- 
eady performed a sufficient number of 
utstanding accomplishments to earn a 
prominent place in history, it has done 
this in its youth; it is now just reach- 
ing maturity and is prepared to attain 
new heights. The future holds innumer- 
able opportunities for the mass spec- 
trometer. Now that it is being manu- 
factured on a production basis, its num- 
bers will multiply rapidly and it will 
find many fields anxiously awaiting its 
services. In scientific research the mass 
spectrometer will aid in the search for 
new elements and new isotopes. It will 
give invaluable aid in determining the 
physical constants of these as they are 
found in nature or produced in nuclear 
piles. It will analyze new compounds to 
be created by the chemist and aid him 
in developing and studying new proces- 
ses. Commercial laboratories will do 


away with antiquated methods of analy- 


sis and adopt the efficient and versatile 
Nass spectrometer for a large part of 
their work. It will enable the plant en- 
through steel reactors 
so that he may know how far a reaction 
as gone at any moment. In many au- 


gineer to “see” 


matic plants it will keep a continuous 
gil over the production process and 

dictate messages to control mecha- 
sms to maintain the correct operation 
the plant. 





7. An isotope-ratio mass spectrometer 
tesy Consolidated Engineering Corp.). 


Thanks to the mass spectrometer, a 
new and powerful tool will be furnished 
in quantity to the medical and biological 
research men. Named “tracer tech- 
nique,” it will utilize both radioisotopes 
and stable isotopes now being manufac- 
tured in atomic piles, cyclotrons and 


other “atom smashers.” The medical 
doctor will be able to search for the 
causes and cures of diseases such as 


cancer and heart disease. Using “tracer 
technique” the biologist will find the 
answer to many questions about living 
organisms, vitamins, better food for 
man, and better fertilization methods 
for plants. Perhaps photosynthesis, the 
important process by which plants take 
air and water and with the aid of sun- 
light convert them into food for man, 
will be fully understood and duplicated 





Fig. 8. 
trometer 


High-resolving-power mass spec- 
(Courtesy General Electric Co.). 
by man. In all of these investigations 
the mass spectrometer will play a lead- 
ing 

By all these services which will be 
rendered by the mass spectrometer, 
great gains in scientific and technolog- 
ical will be made. When 
these advancements are applied to the 
production of improved new items such 


oval 
roie, 


knowledge 


as medicines, foods, plastics and fuel, 
FH . 
mankind will have a higher standard 


of living. When the automatic plant is 
perfected, and with the replacement of 
old methods of analysis, much human 
drudgery will be eliminated. Further- 
more, while such inventions as the au- 
tomobile have brought many gains to 
man, they have also introduced great 
social problems. Where is the fact more 
evident than in the daily report of 
death caused by automobile accidents? 
The mass spectrometer, however, brings 
forth to mankind its gains free of 
hazards. It would only be in man’s mis- 


use of the gains given him that harm 
would result. 

In view of all its accomplishments, 
its applications, and its future, the 
mass spectrometer is certainly worthy 
of world recognition. 
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Temperature Measurement and Control zn the 
PROCESS INDUSTRIES* 


By DAVID H. FULLER, Mgr. Electronic Products, The Foxboro Co., Foxboro, Mass. 


INTRODUCTION 


LTHOUGH the science of measuring and controlling 
temperature is old, the advance in recent years tends 
to invalidate the criteria for the correct method to 

use which were in effect only a few years ago. Modern 
processes make much greater demands upon temperature 
measuring and controlling instruments. Modern instruments 
have advanced so rapidly that in many instances several 
different methods would seem to be equally applicable. The 
instrument engineer and the process designer are thus faced 
with more complexity, both on the demand and supply side 
of the picture. 

On the other hand, the greater demands for accuracy, 
distance, sensitivity, stability, etc, made by modern proc- 
esses have, in most instances, been more than met by mod- 
ern instruments. It would appear worthwhile to take stock 
and review the situation quite broadly at this time. 

GENERAL OUTLINE AND LIMITATIONS 

Most of the advance in temperature measurement has 
been based upon primary elements and principles long 
known to industry. The advance has been in details and in 
the application of methods of using these primary elements 
and principles in general. There are, of course, notable ex- 
ceptions which we will cover briefly. 

In a general review, it is perhaps wise to restate the 
basic fact that temperature is merely a measure of the level 
of heat energy in a body. It is virtually always necessary to 
measure temperature by observing some other effect and 
interpreting it in terms of a temperature scale. One of the 
earliest forms of temperature measurement involves the 
expansion of a liquid or gas when it is heated. The Inter- 
national Temperature Scale is based upon the energy level 
at which certain changes of state, such as the triple point 
of oxygen, the freezing of water, the freezing of gold, etc., 
occur. Interpolation between these points has until recently 
been based upon the expansion of gas. At the present time, 
however, the scale is interpolated between these points by 
reference to the change in electrical resistance of a highly 
refined and standardized platinum wire resistance bulb 
due to a change in temperature. At higher points, inter- 
polation is made through observation of radiant energy 
phenomena and by thermoelectric means. 

The actual determination of the International Tempera- 
ture Scale is mainly of concern to more theoretical scientists 
than we here represent. However, the effects of this work 
become more and more important as higher and higher 
absolute accuracies are required for what might be termed 
“interchangeability of process applications.” 

Current examples of instruments operating on the ex- 
pansion of a liquid or gas are the so-called glass stem ther- 
mometers, used everywhere from household use to the most 
exacting laboratory use. In general, however, glass stem 
thermometers are usable only for indicating readings, al- 
though in some instances contacts may be sealed into the 
glass to provide a degree of alarm or control. Further dis- 
cussion of this particular type isn’t necessary here. 

Of more specific interest are those instruments in which 
the liquid or gas is enclosed in a bulb, usually metallic, and 
in a capillary tube extending to a Bourbon type pressure 
spring. These filled-system type instruments offer the ad- 
vantage of distance between the point of measurement and 
the point of reading, and of course, offer such functions 
as control and recording. 

The expansion of a solid may also be used to measure tem- 
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perature, and this principle finds use in bimetal 
mometers used for indication or, in some instances, 
indicating control, as in the common thermostat. | 
except as an indicator, this type does not general 
largely into process work. 

The mention of the International Temperatu: 
introduced another form of measurement based u 
electrical resistance of a conductor. Most materials 
their electrical resistance with temperature. In only 
materials, however, is this change predictable en 
permit its being used as a measure of temperatur 
inum, nickel, copper and similar metals are long esta 
in this field. Carbon is a relatively recent entrant and 
more so are the large variety of metallic compounds 
are normally considered as insulators, but which d 
duct electricity and have, in many instances, rather sta) 
changes in resistance with temperature. These compou: 
when used as temperature sensitive elements are genera 
known as Thermistors. In all of these resistive element 
it is, of course, necessary to have some sort of instrument 
to measure the resistance and interpret it in terms of t 
perature. These instruments can range from very simp) 
direct deflection types to relatively complex mechanical ar 
electronic instruments. In the direct deflection type, cont) 
and recording functions are inherently difficult becaus 
the low power available, but on the other hand, some of th: 
least expensive controllers are based on direct deflectior 
instruments. The mechanical and electronic types are ger 
erally characterized by the large power they make availab\ 
and hence their flexibility in application to recording a: 
control functions. 

The last method of general importance is based upor 
the principle that dissimilar metals when joined togeth 
at two different points develop a voltage when the tw 
junctions are at different temperatures. The combination is, 
of course, known as a thermocouple and dissimilar metal: 
such as iron and constantan, copper and constantan, plat- 
inum and platinum-rhodium alloy, and various others ar 
employed. Here again, some type of direct deflection o 
mechanical or electronic instrument must be used to measur 
the small voltages set up and interpret them in terms o! 
temperature. In general, these instruments are of the sam 
type as used for resistance measurements. 

In the higher temperature field, either resistance ele- 
ments or thermocouple elements may be heated indirect]; 
by radiation. The readings taken from the resistance in- 
strument or thermocouple can then be interpreted in terms 
of the temperature of the radiating body. However, it must 
be noted that while the technique employed is different, th: 
actual principles can be classed under resistance or therma 
electric principles. 

The last general type of temperature measurement 
based upon the comparison of the color of a radiating bod) 
of unknown temperature with the color of another radiating 
body, the temperature of which can be controlled. By infer- 
ence, the known temperature of the controlled body is the 
equal to the unknown temperature. Optical Pyrometers 
using this principle have long been straight indicating 
struments, though recently the use of photocells has 
mitted automatic operation of optical Pyrometers and 
cording and control functions from this source. 

There are, of course, infinite varieties of application 
these principles. However, in general the variety is on¢ 
detail rather than one of basic principle. 

It will be noted that we have refrained from classify 
the use of above principles in terms of the range of tempera- 
ture to be covered. The reasons for this omission will «p- 
pear further, but in general, it can be stated that it is 
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DEFINITION OF TERMS 





Probably there is no greater cause of waste of money 


in instrumentation than the efforts of manufacturers to 


; meet and users to maintain standards of “accuracy” which, 


in some instances, are unnecessary. In many instances, a 
simple understanding of the reasons for “accuracy” will 
point out great savings in such efforts. A number of organ- 
izations are working for the clarification of terms and 
clearer understanding of their meanings, but the work still 
has a long way to go. 

The chart shown in Fig. 1 is an effort to show the re- 


lation of various terms used in discussion of instruments. 


Note that the chart is divided into two sections, one cover- 
ing the over-all system, and one of particular interest when 
the sensitive element itself can be isolated from the system 
as is the case in electrical instruments. ; 

In considering the over-all system, note that there are 
two major terms: “sensitivity” and “accuracy.” Let us 
start out by defining accuracy as a statement of the devia- 
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tions between the readings obtained from an instrument 
and a known temperature, as determined by accepted stand- 
ards. Sensitivity may be defined as a statement of the 
change of temperature required to cause the instrument to 
move toward the new temperature. 

In installations whose primary purpose is to control, 
sensitivity is usually more important than accuracy. In 
most instances, it is more important to hold the temperature 
of the process at a given temperature point than it is to 
know exactly what that actual temperature is. In general, 
the only reason for controlling the temperature is to obtain 
a desired product. The actual temperature reading at which 
it is necessary to set an instrument to obtain the desired 
product is usually unimportant if the same reading always 
produces the same product (repeatability). 

A major exception to this general statement is in those 
cases where it is desired to duplicate several installations, 
in which case it would be inconvenient to have to set dif- 
ferent instruments at different readings to obtain the same 
product. Another exception is where it is necessary to cor- 
relate installations and to predict the temperatures which 
will have to be maintained in different portions of the proc- 
ess to obtain a desired end product. 

Need for the absolute temperatures in this case is usual- 
ly confined to pilot plant or laboratory practice and in such 
specialized applications as accounting based upon the tem- 
perature or temperature difference of flowing fluids. 

In control, in general, the sooner the instrument finds 
out about a change in temperature, the better chance it has 
of correcting for the change and keeping the process under 
control. Obviously, the higher the sensitivity of the system, 
th maller the degree of temperature change necessary to 
operate the controller and the better the control that will 
be tained. 

s shown in Fig. 1, sensitivity is affected by the 
I friction ratio, the response and the repeatability (or 
space) of an instrument. Response may be defined as 






a statement of the time required for instrument to reach 
a new value after an actual change of temperature. Re- 
sponse and sensitivity are often used as synonyms, but there 
is every advantage to retaining the distinction. Response 
is affected by the type of instrument used and by its in- 
stallation. Speaking strictly from the instrument stand- 
point, the “instrument response” should not be confused 
with “process lags” which can be defined as the time inter- 
val between cause and effect in the process. In other words, 
the time interval between the cause, which changes the 
temperature, and the effect, or change of temperatures 
reaching the sensitive element of the instrument. 

The sensitivity of an instrument is directly affected by 
the force/friction ratio inherent in its construction. The 
greater the friction in the instrument, the greater the power 
required to overcome this friction and start the instrument 
moving. This power, in general, is derived from the change 
in temperature. Lower power instruments such as direct de- 
flection electrical instruments and filled system instru- 
ments must be designed with a minimum of friction to re- 
tain sensitivity. A major advantage in electrical and elec- 
tronic instruments is the availability of a great deal more 
power for a given change of temperature, and hence the 
possibility of heavier construction, which, in general, im- 
plies greater friction. 

The remaining factor in sensitivity is repeatability, the 
degree to which an instrument gives the same reading fon 
a given actual temperature. Dead space caused by lost 
motion and friction reduces sensitivity and controllability 
and in addition makes it difficult to make corrections in 
operation. 

Repeatability should not be confused 
which normally has no effect on sensitivity or controllabil- 
ity. In general, all changes in nature exhibit a property 
known as hysteresis. Thus, any element which is subjected 
to a change, and then subjected to another equal change, 
in the opposite direction, will not come back to its original 
condition exactly. The difference between its original con- 
dition and its final condition may be stated as its hysteresis. 
Tieing this down to an instrument, if a pressure spring is 
deformed by a change in pressure and then allowed to go 
back to the original pressure, it will take a permanent set 
and will not return to its original position, even though 
there is no friction present. This hysteresis of pressure 
springs specifically may vary from being negligible to be- 
ing a major factor in the over-all accuracy of an instrument. 
Since hysteresis is proportional to the excursion of the pen 
it normally does not affect control since the excursions are 
small and hence the lack of repeatability due to hysteresis 
is also small. It is important not to confuse hysteresis with 


with hysteresis 


dead space. 

In applying the above definition of accuracy—a state- 
ment of the deviations of instrument readings from known 
standards—it is necessary that we simplify the problem by 
eliminating response by allowing the instrument to come 
completely to rest. Under these conditions, the accuracy of 
the instrument cannot be greater than its responsibility 
plus its hysteresis. 

An accuracy statement is directly affected by the stand- 
ards used to define it. There is, of course, no absolute stand- 
ard. The International Temperature Scale is the nearest 
approach. A standard may be defined as a method of meas- 
urement in which the errors due to sensitivity, hysteresis, 
response, etc., are better known than the same errors in the 
instrument being tested and hence may be allowed for. Ob- 
viously, the better the standard, the better the statement 
of accuracy. 

All instruments undergo a change in accuracy with age. 
The type of construction used in the instrument determines 
whether this change will be large or small. The use of terms 
such as “calibrated accuracy,” “factory accuracy,” etc., 
represents an effort on the part of the manufacturer to 
avoid making statements based on conditions beyond his 
control. Terms such as “sustained accuracy” or just plain 
“accuracy” must take into account the probable conditions 
of the instrument. On the other hand, 


of use—and abuse 


Continued on page 290 
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Wear Test for Automotive Gear Lubricants 


WASHINGTON, D. C.—Recent in- 
vestigations at the National Bureau of 
Standards by S. A. McKee, J. F. Swin- 
dells, H. S. White, and Wayne Mount- 
joy have shown that the SAE extreme- 
pressure lubricants testing machine 
can be adapted to measure accurately 
the wear obtained with various auto- 
motive gear lubricants under simulated 
service conditions. This apparatus was 
originally designed for testing load- 
carrying capacity of gear lubricants 
under fired high-speed and shock-load- 
ing; but it provides a sensitive means 
for the evaluation of lubricants with 
respect to wear at high-torque and low- 
speed operation. The new test there- 
fore makes it possible to detect any 
significant difference in the perform- 
ance of lubricants meeting the require- 
ments of the same specifications. 

Of the various laboratory testing 
machines commonly used in the study 
of automotive gear lubricants, the SAE 
more nearly simulates gear 
operation. Two contacting cylindrical 
test cups of this machine are rotated 
at different under load, 
viding a combined rubbing and rolling 


machine 


speeds pro- 


The SAE Extreme-Pressure Lubricants Testing 


action that is typical of loaded gear 
teeth. A further similarity is a con- 
stantly-changing line contact with re- 
spect to the surfaces of both cups, 
hence no one point on the periphery is 
under continuous stress. 

The machine is particularly adapt- 
able for wear tests because the test 
specimens are of such size and shape 
that accurate indications of wear may 
be obtained by determination of loss 
in weight. Also, any wear that occurs 
on the test cups does not materially af- 
fect the area of contact under a given 
load. On the other hand, the method of 
lubricating the test surfaces -is not 
especially suitable for long-time tests; 
and so it was necessary to modify the 
machine in this respect. 

Although the primary objective in 
modifying the lubrication system was 
long-time operation, it was decided 
also to provide better temperature con- 
trol of the upper test cup. In the orig- 
inal machine, the lower test cup is sup- 
ported half-immersed in a small oil 
box. Lubrication between the two cups 
is effected by the oil carried up as the 
lower cup rotates. Since only the lower 
cup is cooled by immersion in the oil 
bath, the upper cup runs at a con- 
siderably higher temperature. For this 
reason, an additional oil reservoir of 
larger capacity and a circulating sys- 
tem were provided for applying a 
stream of oil to the upper test cup. 


2205¢ 


In the modified lubrication sten 
the oil being tested is drawn op 
reservoir by a motor-driven pu 
delivered through a quarter-in 
to the top of the upper test cu; 
is covered by a special oil splas! 

The oil then drains to the 

which is fitted with two quart 
overflow pipes so located that 

level in the box partially imme) 
lower test cup. The oil from tl 

flow falls into open fittings 
three-quarter inch drain pipe : re 
turns to the reservoir. Heat is «pplieq 
to the oil reservoir and delivery pipe 
Thermocouples in the oil box and 
reservoir provide a means fo) ten 
perature measurement and contr 
Counterbalanced overflow pipes, 
guards, and an oil thrower p 
excessive oil leakage around the tes 
cups and oil box. 

The lubricants used in the Bureau's 
investigations were SAE 90 grade and 
included a Navy contract 1080 minera 
oil, five lubricants conforming to U. § 
Army Specification 2-105B, five lubri 
cants conforming to Federal Specifica 
tion VV-L-761, and one lead-soap ac 
tive-sulphur lubricant. 


splash 


event 


In these wear tests, the upper cu 
is driven at a speed of 500 rpm. with a 
3.4-to-1 gear ratio between the upper 
and lower cups, thus providing a 2.4-to 
1 ratio of rubbing to rolling at the 
contacting surfaces. The specimens, 
steel Timken test cups (T-48651), have 
an average (rms.) surface roughness 
of 25 to 30 microinches as measured 
with the Profilometer. Each lubricant 
sample (two quarts) is circulated at a 
rate of about 500 grams per minut 
With a constant oil temperature 
F., tests were made at 
loads of 90, 135, 180, and 225 pounds 
(scale readings). Tests were also made 
at 250 F. ana 180-lb. load. These cor 
ditions approximate the range of co: 


225 constant 


7 
4“ F4 


Machine, as modified by the NBS for wear test 
automotive gear lubricants. Lubricants are 
rated by the load (scale reading) when scuffing 
occurs during a load-carrying capacity test and | |} 
by the wear per hour after wearing-in on the 10 12 14 16 18 
wear tests. By means of a special oil-circulating ar 

system, oil from reservoir A is drawn through pipe TIME, HOURS 

C to upper test cup which is covered by splash Wear (milligram) versus time (hours) curves load, only three of the lubricants show appre« 
guard D. The oil then drains to box E, hence for all lubricants (SAE90) operating at 135-lb wear after the run-in period. Lead-soap active 
through overflow pipes F into the drain pipe G load and 225 F. These data indicate a run-in sulphur lubricants, AS; Army specifica 
and back to the reservoir. Heaters are located at period of about four hours, after which wear con- (2-105B) lubricants, AS; Federal specific: 

J and K and thermocouples at H tinues at a constant rate. With this intermediate (VV-L-761) lubricants, F; Mineral oil, 1080 


with 
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ditio covered in the usual high-torque 
jow-s; ced gear tests. 

Th test cups were weighed before 
ter each period of operation, the 


and . 
loss | weight being used as a measure 
of wear during the test period. 

In general, the data obtained in 
these tests indicate that there is a run- 
in period of high rate of wear for a 
few hours, after which the wear set- 


tles down to a fairly constant rate. In 
a graphie plot of such data the straight 
portion of the curve usually is well 
established by 25 hours of operation. 
The slope of this portion of the curve 
is more significant from the standpoint 
of estimating gear life than the ob- 
served loss in weight for any given 
length of time. At the higher loads the 
rate of wear with some of the lubri- 
eants tested showed a marked increase, 
whereas with others there was little 
effect. 

In most of the tests, Profilometer 
readings of the surface roughness of 
the test cups were obtained at inter- 
vals during the test run. For those 
tests where the rate of wear was rela- 
tively low, the roughness decreased in 
the run-in period and tended to level 
off in a range between 10 and 20 micro- 
nches. As the rate of wear increased, 
there was a trend for the roughness 
to increase. This was especially notice- 
able in cases of excessive wear where 
there was definite “ridging’’ of the 
cups, Which in some cases was beyond 
the range of the Profilometer. 

In connection with a brief study of 
the effect of the original surface rough- 
ness of the cups on the rate of wear, 
test data were obtained with the min- 
eral oil and one of the Army specifica- 
tion lubricants operating at 225 F. and 
135-lb, load, using cups with original 
roughness of 14, 28, and 35 microinches 
(rms). Such operation brought the 
roughness of the cups fairly close to- 
gether. It was also noted that while the 
wear tended to increase with 
nerease in roughness, the final rate 
if wear was practically independent of 
the original surface roughness over the 
range covered. Comparable data may 
therefore be obtained even when rea- 
differences in the surface 
roughness of the cups exist. 


run-in 


sonable 


Resides offering a sensitive measure 
of the rate of wear with different com- 
mercial gear lubricants, the new test 
provides evidence of run-in wear which 


s of considerable importance. This 
should be taken into account in the 
evaluation of lubricants with respect to 
wear. Still another advantage is that 


rate of wear after the run-in period 

Ss not materially affected by the orig- 
roughness of the test cups, as is 
case with the usual load-carrying 
icity tests with this machine. 

lhe lubricants containing the more 


nically active additives for with- 
ding higher shock load tend to 
show the greater wear. This is in 


ement with the known service per- 
ance of some of these lubricants, 
cularly the active-sulphur lubri- 
and the nonadditive mineral oil. 





A Permanent Standard of Neutron Intensity 


WASHINGTON, D. C.—The Nation- 
al Bureau of Standards has recently de- 
veloped a primary neutron standard 
which makes it possible for all lab- 
oratories to measure neutron radia- 
tion intensities in terms of a common 
reference value. The neutron standard 
consists of a solid beryllium sphere, 
4 centimeters in diameter, enclosing 
at its geometrical center a capsule of 
radium. The capsule is made of plati- 
num-iridium closely fitted to a gram 
of radium bromide compressed to max- 
imum density. Neutrons are produced 
in the beryllium sphere by the action 
of gamma rays from the radium. Pre- 
liminary measurements indicate that 
the standard emits 1.1 million neu- 
trons per second. The rate of neutron 
emission will change slowly as the ra- 
dium decays, but this change is only 
about 0.04 percent a year and can be 
taken into account with sufficient 
curacy. 

A duplicate standard has been pre- 
pared for loan to other research lab- 
oratories requiring standardization of 
their neutron measurements. The 
standard is ready for use and any fu- 
ture revision in the neutron emission 
rate will result in only a small cor- 
rection to any data based on the pres- 
ent provisional value. If, as has been 
suggested, the unit of neutron inten- 
sity is defined in terms of the new 
standard, it will then be possible to ex- 
press measurements from _ different 
laboratories in directly comparable 
units. 

The establishment of a_ national 
neutron standard has been made im- 
perative by the increasing importance 


ac- 


of neutrons as bombarding particles 
in physical and biological research. 
Since neutrons are uncharged parti- 
cles, they can lose energy only by di- 
rect impact with nuclei. Fast neutrons 
with energies from 100,000 to about 
15 million volts can pass through large 





here 


reproduced 
exactly one-half actual size, of the neutron 


Fig. 1. Photograph, 
standard recently developed by the NBS. 
It consists of a solid beryllium sphere, 4 
centimeters in diameter, its 
geometrical center a capsule of radium. 


enclosing at 


of matter without much ab- 
sorption or energy loss, being similar 
in penetrating power to very high- 
energy x-rays. The absorption mech- 
anisms are different, however. The ab- 
sorption of neutrons increases in pro- 
portion to the concentration of nuclei 
in the absorber, while that of x-rays 
increases in proportion to the over- 
all density. Good neutron absorbers, 
such as water and paraffin, have a 
large concentration of hydrogen nu- 
clei. 
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The Month’s NEW INSTRUMENS 


In this department we report each month new devices for measurement. inspection, 
testing, metering and automatic contro] — in the form of concise technical descriptions. 


FOR FURTHER INFORMATION USE THE POSTAGE-FREE ORDER CARD ON PAGE 3::7 


Automatic Viscosity 
Controller 


New “Viscotrol” automatic viscosity 
controller has a range of 2 to 50,000 
centipoises. It will respond to viscosity 
changes to within 1 percent of set- 
point value. Operation is based on 
































(2) Collector rings. 
Insulated disks. (5) 

(7) Bubble level. 
Purge inlet. (10) 
box. 


(1) Synchronous motor. 


(3) Contact Arm. (4) 
Solenoid. (6) Torsion Springs. 
(8) Removable Cover. (9) 

Nine-wire conductor to control 


the fluid resistance to a synchronous- 
motor-driven spindle which energizes 
a relay if there is a deviation from a 
predetermined set point. Process con- 
trol may then be attained with a sole- 
noid valve. Motor and working parts 
are enclosed.—Brookfield Engineering 
Labs Ine., Stoughton, Mass. 

Mention No. 301 when filling out card. 


Fused-in-glass Resistance 
Thermometers 


New glass unit supplements maker’s 
fused-in-quartz high-speed resistance 
thermometer units, has similar charac- 
teristics. It comprises a tungsten or 
moly wire of small diameter .with a 
thin glass coating. Resistance wire is 
wound closely on this structure and 
then another coating of glass is applied. 
Finished structure is about 0.1 in. in 
diameter and 3.5 in. long. Ice point 
resistances of 50 and 100 ohms are 
available; average temperature coeffi- 
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cient 0.5 percent per degree C. Units 
can be used up to 500 C. Speed of 
response is approx. 1 second for 63 per- 
cent change. New units can be intro- 
duced into small spaces on account of 
their small diameter.—Pau! G. Weiller, 
95 Broad Street, New York 4, N. Y. 

Mention No. 302 when filling out card. 


Portable Temperature 
Recorder 


“Model 81JM120” recording 
thermometer for refrigerated trucks. 
etc., has a dust and moisture-proof 
case, a counterbalanced recording mech- 
anism which is unaffected by vibration, 
and a supersensitive thermal system. 
Instrument can be supplied with a 
built-in cylinder-type lock for positive 
protection. It comes equipped with 
stainless-steel capillary and 24-hour or 
7-day chart-drive mechanism, and is 
available in ranges of minus 40 to 
plus 120 F. (7-day chart only) or minus 
20 to plus 60 F. (24-hour chart only) .— 
Taylor Instrument Companies, Roch- 


ester 1, N. 
Mention No. 303 when filling out card. 


New 


Hermetically-sealed Receiver 
for Radiation Pyrometry 


New Model of “Rayotube” has quick- 
sighting optical system which lets user 
select desired target easily, and then 
check sharply-defined area which the 
Rayotube Hermetically sealed 
construction at lens, window, and lead- 


sees. 


wires keeps out dust and gases. New 
design guards inherent accuracy and 
stability, even with high or rapidly 
changing housing temperatures. Unit 
is designed for easy, low cost replace- 
ment; fits all existing “Rayotube” 
mountings; requires no_ protection 
against high ambient temperature un- 
less housing temperature exceeds 350 
F. Below that point, any previously- 
installed water- or air-cooling can 
simply be turned off or disconnected.— 
Leeds & Northrup Co., 4934 Stenton 
Ave., Philadelphia 44, Pa. 


Mention No. 304 when filling out card. 


Pocket Optical Compar itor 


New pocket-size optical comparator 
is useful in checking linear measure. 
ments, circles, angles, radii, ete. It has 
a 0.5 in. scale with 0.005 in. increments, 


ASOKu 


and a 10 mm. scale with 0.2 mm. incre. 
ments. Fractional-inch steps are also 
included. Circles are included from 
0.002 to 0.050 in. and in fractional. 





~09 1234567891 


inch diameters. Angles from 0 to 9) 
degrees in steps of 5 degrees are meas- 
ured and radii up to 0.375 inch. 
National Tool Co., 11200 Madison Ave., 
Cleveland 2, Ohio. 

Mention No. 305 when filling out card. 


Extreme-sensitivity 
Color Comparator 


New “Color-Eye” color-matching in- 
strument is five times more sensitive 
than the human eye, uses a combined 
electronic and optical computing sys- 
tem to simulate response sensitivity 
and discrimination characteristic of 
human eye but without eye’s variance 
in perception. States announcement: 
“Thus, for the first time industry 1s 
provided with a precise yet commer- 
cially practical standard for the meas- 
urement of color samples.” In opera- 
tion, instrument automatically ‘“accom- 
modates” itself to illumination level 
of samples being compared, just as 
human eye accommodates _ itself 
through iris diaphragm, retina, and 
brain. Range of automatic accommoda- 
tions is such that sensitivity excceds 
that of human eye for variations in 
brightness of 10,000 to 1. This permits 
comparison of samples reflecting only 
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Save 40% or more on tubing, and 


get improved performance to bost. 


Easily formed and flared, Alcoa 
Aluminum Tubing installs fast. Re- 
sists corrosion by H»S and other 
sulfurous fumes. Comes in lengths 
up to 400 feet. [deal for instrument, 
fuel and air lines. Aluminum fittings 
available from several manufac- 
turers. 

Your nearby Alcoa Distributor 
has complete tubing stocks, includ- 
ing special alloys for use where 
vibration is severe. Call him or your 
local Alcoa sales office today for 
samples and prices. ALUMINUM 
CoMPANY OF AMERICA, 2169C Gulf 
Building. Pittsburgh 19, Penna. 
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For local source of supply of Alcoa Tubing 
and other Alcoa products, look under ‘‘Alumi- 
num" in your classified telephone directory. 
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Z percent to an accuracy of 0.5 per- 
cent of reflected light. For evaluation 
of tristimulus color values relative to 
standard whites, “Color-Eye” is 
equipped with a micrometric slit and di- 
rect-reading scale from 0 to 100 per- 
cent. To make certain that surface con- 
ditions and illumination are comparable 


to visual measurements, prior to actual 
color measurements, samples may be 
examined with “Sample Viewer” ac- 
cessory, which fits into transmission 
slide and is useful in making precise 
measurements of many types of sur- 
faces, particularly where dark colors 
are encountered. “Color-Eye” may be 
carried anywhere in the plant for on- 
the-spot sampling. Special preparation 
of samples is usually not necessary 
because instrument will handle samples 
from 0.5 in. in diameter and up. 
Instrument Development Laboratories, 
163 Highland Avenue, Needham 
Heights 94, Mass. 


Mention No. 306 when filling out card. 


Demonstration Magnetic 
Amplifier 


New demonstration magnetic am- 
plifier is arranged so that all basic 
single-phase self-saturating circuits 
may be studied. By arrangement of 
external connections either d-c. or a-c. 
output is available and either d-c. or 
a-c. control power may be used. As 





characteristics of amplifiers connected 


for d-c. and a-c. output and control 
differ, it is important that all of these 
circuits and their combinations be 
studied. Unit may be used in operating 
control circuits, such as voltage regu- 
lators for small a-c. and d-c. genera- 
tors, speed control for small d-c. 
motors, controlled-rectifier power sup- 
ply, and closed-loop positioning systems 
commonly employed in servo-mechan- 
ism work. Reference material, bulletins, 
technical data on application, and use 
and performance characteristics of 
magnetic amplifiers is included with 
each unit.—Vickers Electric Div., 1815 
Locust St., St. Louis 3, Mo. 


Mention No. 307 when filling out card. 
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Pocket Microscope 


New pencil-size microscope has a 


magnification of 20 dia. with 4 lenses. 





















Body is aluminum, 5 in. long, and 
weighs less than 1 oz.—Harry Ross, 
70 W. Broadway, New York 7, N. Y. 
Mention No. 308 when filling out card. 


Snap-action Pneumatic 
Relay 


New pneumatic relay for use with 
air-electric switches and other equip- 
ment requiring high-speed operation 
provides sharp cut-off action. Cut-off 
point can be set for any pressure be- 
tween zero (atm.) and 35 psig. Over- 
loading with input pressures up to 
70 psig. will not damage relay. Supply 
pressures as high as 50 psig. may be 


CUT-OFF - POINT 
H ADJUSTMENT 
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inPUT st “OUTPUT 


SUPPLY 


used. High amplifying ratio makes a 
small change in input pressure cause 
full change in output. When relay is 
used with maker’s Pneumatic Com- 
parator Gage (0.0004 in. full-scale) 
and a commercial pressure switch, it 
operates a signa] light on a dimension 
change as small as two microinches. 
Standard instruments are furnished 
for direct action: increase of input 
pressure causes increase of output pres- 
sure. Special instruments for reverse 
action may be furnished.—Moore Prod 
ucts Co., H and Lycoming Sts., Phila 
delphia 24, Pa. 


Mention No. 309 when filling out card. 


Industrial-liquids 
Densitometers and S. G. 
Controllers 


New line of “Pyecnorator” instru- 
ments for measurement and control of 
fluid density and specific gravity has 
been introduced. Various designs avail- 
able are submerged-float instruments 
for use in vessels under pressure or 
vacuum, open-bubblers,  closed-dia- 
phragm and hydrometer types. Instru- 
ments are also available which operate 
in conjunction with “Ranarex” specific- 
gravity measuring system.—Fisher & 
Porter Co., 76 County Line Road, 
Hatboro, Penna. 


Mention No. 310 when filling out card. 


Magnetic Data-stor; « 1 


Systems 
New magnetic data-storage tems 
utilizing rotating magnetic dm are 


available in either standard or | stoy. 
built models, saving costs an 
and adding flexibility, in con ng 


















inventory and 


automatic-contro!  sys- 
tems to replace storage relays, stepping 
switches, punched tape and othe: 
forms of storage. Storage capacity as 
high as 1280 magnetic marks per square 
inch may be attained. 120,000 groups 


hull 
JULKY 


of marks second 


per may be read 
from drum. Permanence of record js 
assured even during a momentary 


power or equipment failure.—FEngi. 
neering Research Associates, Inc., 1902 
W. Minnehaha Ave., St Paul 4, Minn 


Mention No. 311 when filling out card. 


Ten-equation Electrical 
Computer 

New “66 Spectro Computer” solves, 
by iteration method, simultaneous linea) 
equations of the type encountered in 
infrared and mass spectrometry; uti- 
lizes d-c. potentials substituted for the 
unknowns. Multiplication, division, ad 





subtraction 


dition and steps necessar) 
in solving a_ spectroscopic analysis 
problem involving as many as ten simu 

taneous equations can normally be per- 
formed by new compater within 5 to 30 
minutes. Results of spectroscopic analy: 
sis of hydrocarbon samples have been 
computed to an accuracy of 0.1 percent 


with this instrument.—Special P 
ucts Div., Phillips Petroleum | 
Bartlesville, Okla. 


Mention No. 312 when filling out card 


X-Y Recorder 
New “Model 205 Variplotter” 
cords one variable as a function 
another. Plotting surface is 30- 
square glass with back lighting. Sen 
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SENSITIVITY . . . detects humidity changes as 
small as plus-minus 0.15% relative humidity. 
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SPEEDY RESPONSE . . . responds instantly to 2 
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Veroatlity ¢ micro changes in relative humidity at tem- 
TALLATIONS NOW IM caches peratures from 40° to 140° F. q 

= bottling of widely used ACCURACY .. . measures accurately within plus- 
uGs . insuring Nene? 2 3 minus 1'/2% relative humidity without peri- q 
ee ug product. ; odic attention 

ee spoilage of grain in storage: ' “ . | 

FOOD .-- preventing P i. spoilage after COMPACTNESS ... sensing element occupies a 
N (ANIMAL FEED) - - - preventing maximum of 2 cubic inches. ; 

om ackaging: GING ..- - protection RELIABILITY . . « Guaranteed for one year—will 

cORROSION-PROTECTION Sa tee Ae delicate elec- = —— more = of satisfactory service 

. ipment rang! when used property. 
oan to heavy ogni permeability WIDE ADAPTABILITY . . . measures, indicates, 
’ sture / : rr 

5... checking and controlling Mott os cies. s records sndjer coatvels relative humidity. i 
“i ‘lass woo! and age!ng character's “43 ENSING : Drives air-operated devices. Can be used for 4 
oa hecking drying and setting characteris nan EL EMENT a remote control. Neither adds nor removes z 

CEMENT . - - ©nee humidity to insure proper printing (Actual Size) q moisture or heat (can be built into sealed 

PAPER ..- controlling hu P electrical components). Measures moisture 

qualities. . uniform quality by a tae content of solids, air, and other non-corrosive 

insuring gases 





RAPHIC FILMS . - - 
secgichent humidity in emu 


controlling drynes 


Ision-coating rooms. 
s of sand molds to prevent 





controlling 
OUNDRIES . - - ’ 
blowholes and accidents. 
BOTTLED GASES .- - checking an 
tent of oxygen and other gases 3 a 
iminating costly inve 
GAS . . . eliminating °° 
a orge excessive moisture In pipelines. 


Write for BULLETIN—2164H 
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YOUR MEASURING PROBLEMS! 








ver I: " 
oHN cHATILLS ™ INDUSTRIAL SPRINGS and SCALES 
AN _— pLeTe kt) featuring the world-famous Not Affected by Extreme 
nt A com om Temperature Changes 
prese WE oF TEMPERATURE COMPENSATED Used by all industries for 
| , © Greater Accuracy ® Simplified Measur- 
\ ISO-ELASTIC SPRINGS _ ing Systems © Trouble Free Operation 














INSTRUMENT TYPE 
PUSH-PULL GAUGES 


Saves time in laboratory! 
Measures tensions and 
compressions from ‘2 gram 
to any desired capacity. 
Can be read directly — 
almost instantly. 


TRACTION DYNAMOMETERS a 


Used extensively with test ap- 
paratus and devices that apply 
force to determine strength 
of materials or structures. 








@ Dials read directly in pounds 
@ Not damaged by sudd lease of 
force 














@ 2 Pointers — one indicates pull at all 


times, the other remains fixed at point OTHER CHATILLON DYNAMOMETERS 
of maximum load 





CHATILLON 
PUSH-PULL GAUGES COME IN: 


® Heavy Duty 
® Light Capacity 


@ Gear mechanism enclosed in dust-proof © tse-Seel © Heavy Duty 
housing © Quick Stop © Shunt Type 
° 
° 


QDSR Type (For shock Problems) 
QVDT Type (for Measuring Torque) 


@ Accuracy guaranteed + 2% of dial 
reading 


FOR PRICES AND MORE INFORMATION WRITE 


CTT LI 2OHM CHATILLON a sons | 
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CT: 
DISPENSER | 








F&P RATO-CHLOR chlorine dispenser in water 
treatment plant of Florida Utilities Corpora- 
tion. (Autometic chiorine/water ratio contro!) 





USES? 

Bleaching of foods, paper, textiles, 
other products. 

Chlorination processes. 

Drinking-water purification. 

Sewage treatment. 

Slime prevention in condensers, 
cooling systems, process water. 
Swimming pool water purifica- 

tion. 


10-1300 Ib/day chlorine: cabinet 
model shown above. 

Over 1300 lb/day: panel-mounted 
equipment. 


Dry-vacuum solution feed. 

Dry gas pressure feed. 

Indicating, recording, controlling, 
tetalizing and proportioning. 


CLIP COUPON 
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Title 
Company 


: Street 


State 
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1City 
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IFISCHER & PORTER CO. 


' 
; Dept. ON-5C Hatboro, Penne. 
PROCESS CONTROL INSTRUMENTS 
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LOW COST,SAFE | 











933 


tivity is 50 mv. per in. with other 
ranges available. Accuracy is 0.05 per- 
cent full scale at 68 F. static, and 0.1 
percent dynamic. Pen-traverse time is 
3 sec. full-scale for either dimension. 
Timing marks may be provided for. 
One power supply and two servo am- 
plifiers are used. Dimensions 47.5 by 
44 by 42 in.; weight 615 lb.,—Electronic 
Associates Inc., Long Branch, N. J. 

Mention No. 313 when filling out card. 





Dual Sequence Timer 
New sequence timer enables two op- 
erations of different time intervals to 
be carried out in succession with in- 
definite repetition of cycle. Load-relay 





contacts are rated at 20 amps. at 115 
v., 60 cps. non-inductive. Cabinet is 
complete with on-off switch, load-con- 
trol switch, pilot lamps and outlets.- 
Industrial Timer Corp., Newark, N. J. 


Mention No. 314 when filling out card. 


Millisecond Timer 


New “Chronotest Electronic Milli- 
second Timer,” for measuring intervals 
between 0.1 millisecond and 10 seconds 
with an accuracy of 1 to 2 percent, is 
available in two models, one with a top 
range of 1 second in six steps and one 
with a top range of 10 seconds in six 
steps. Instrument operates from line 
voltages of 110-250-volts, 40-100-cycles 
single-phase. Readings are obtained on 
a scale approx. 4% in. long. Basic 
principle is said to be a variant of ca- 
pacitor charging circuit “incorporating 
refinements and safeguards’ which 
several years of development has shown 
to be desirable.” Instrument is made in 
England.—Herman H. Sticht Co., Inc., 
27 Park Place, New York, N. Y. 


Mention No. 315 when filling out card. 


Temperature Regula }r 


New thermostatic regulato 
vapor-bulb type of control valy 
justment of control temperat 
made by a weight and lever a 
ment. Lever arm permits s 
within a 40 F. range, 20 F. o\ 


US@s 

Ad. 
inge. 
Ings, 


and 
























under a given control point. Tempera. 
ture ranges are available from 40 to 
200 F. Sizes available are 0.25 up to 
and including 2 in. bronze body union 
ends; 2.5 to 5 in. from body, flanged 
—Lawler Automatic Controls, Inc., 453 
N. MacQuesten Parkway, Mount Vey 
non, N. Y. 


Mention No. 316 when filling out card 


Celestial Surveying Camera 


New Zenith camera is fitted with a 
Goerz-Dagmar f4.5 lens, having a focal! 
length of twelve inches and resolution 
of 40 lines per mm. To operate, instru- 
ment is set up and leveled. Two ex- 


875 


ad 


posures are made on a single plate at 
an interval of but a few minutes 
From known positions of star images 
in celestial sphere, coordinates of point 
may then be computed. This computa- 
tion establishes primary-control point 
on earth’s surface with an accuracy 
of 50 feet.—West Coast Div., Fairchild 
Camera & Instrument Corp., 53 W 
Union St., Pasedena, Calif. 

Mention No. 317 when filling out card 


Time Cycle Controllers 


Five new models of maker’s “Flex- 
O-Timer Time Cycle Controllers” art 
available for applications requiring all- 
electrical or all-pneumatic, or any spe- 
cified combinations of each. They con- 
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y particular group of functions 
may be required in the sequence 
anufacturing operation—accord- 


tro 
whi 


; ao a predetermined schedule and 
aver . specifically timed period.—Taylor 
Inst, «ment Companies, Rochester 1, 


New 2 ork. 
Mention No, 318 when filling out card. 








Recording Camera 
New Model of “Varitron” Industrial 
Recording Camera (originally des- 
eribed in our May 1949 issue, page 





eg 901 


420) has a 30” taking lens. Another 
feature is an extra-large recording 
chamber, approx. size of camera itself. 
Photographic Products Inc., 955 N. 
Vansfield Ave, Hollywood 38, Calif. 
Mention No. 319 when filling out card. 


Ceramic-body Control Valve 


New “Merit” valve has body made of 
a newly developed ceramic suitable for 
continuous 300-psi. operation at tem- 
peratures up to 2000 F., to control 
flow of corrosive fluids with exception 
of hydrofluoric acid and hot-alkali con- 
centrate. Valve bodies are machined 
from a solid slug of ceramic prior to 





ng. Body has a hardness 0.9 that of 
‘mond, with tensile strength of 27,- 
' psi. and compressive strength of 
000 psi. Ceramic will not absorb 
sture. Teflon packing rings are 
! as seals. Valves are available in 
0.75, 1, 1.5, 2, and 3-inch sizes, de- 


ed for attachment to 300-lb std. | 


flanged fittings by means of 








HELICOID 





e The greatest improvement 
in pressure gages in 100 years. 
Write for HELICOID GAGE CATALOG. 


9A oe HELICOID 
Only Helicoid Pressure Gages 
have the Helicoid Movement 









HELICOID GAGE DIVISION 
AMERICAN CHAIN & CABLE COMPANY, INC. 
Bridgeport 2, Connecticut 
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VLTRA-SENSITIVE 


ELECTRONIC 


RELAY 





FEATURES 


SENSITIVE — Relay action initi- 
ated by external contact os 
high as ONE MEGOHM with 
current as low os 1/ 10000 
ampere 

LOW COST — Electronic sensi- 


tivity and features at a cost 
comparable to ordinary relays. 


SMALL SIZE — Mounts on a 
standard 4 inch electrical con- 
nector box. 


DEPENDABLE Simplified  cir- 
cuit plus silver relay contacts 
assures long service life. 
ECONOMICAL — No tube fila- 
ments to consume power during 
OFF’ cycle. 

VERSATILE — High contact pres 


contacts allows 
conservative rating of four (4) 
omperes, with a choice of either 
opening or closing a circuit, or 
to simultaneously open one and 
close another 


AUTOMATIC HOLD CIRCUIT — 
Connecting terminals provide a 
choice of conventional relay ac- 
tion, or allow a momentary 
contact to energize relay ond 
cause it to automatically remain 
energized until manually reset 


by 


sure on silver 


Reset’ switch. 


APPLICATIONS 


LIQUID LEVEL CONTROLS 
SAFETY ALARMS 

STOP MOTIONS 

DROP WIRE DETECTION 


See Th 


products 
4 Godwin Ave 


co 


Paterson, N J 
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stainless-steel cap screws. Stainless- 
steel studs can be mounted in body if 
desired. Diaphragm and hand-operated 
types (lubricated or unlubricated) are 
available—Emmett Machine & Mfg. 
Co., 2249-51 14th St., S. W., Akron 1, 
Ohio. 

Mention No. 320 when filling out card. 


Lubrication Signal for 
Automotive Vehicles 


New signal device, designed to oper- 
ate by friction with odometer in speed- 
ometer, has flag that comes into view 
across odometer window every 1,000 


miles, thereby brings need for lubrica- 
tion at regular intervals to attention 
of operator. By means of a_ small 
manually-operated control button, it 
can be returned to its original position. 
Signal flag (illustrated) is made of a 
transparent colored material to permit 
reading of milage figures.—Howard L. 
Berry, 1134 Glenwood Boulevard, Sche- 
nectady, N. Y. 

Mention No. 321 when filling out card. 


Small Servomotor 


New velocity-servo torque unit for 
use in velocity servos and motor inte- 
grator systems consists of a permanent- 
magnet-field type 27.5-volt armature 
d-c. motor to which whose high-speed 
shaft (10,000 rpm. maximum) has 
coupled a permanent magnet field type 
d-c. rate generator. A 250-rpm. maxi- 





mum low-speed output shaft is coupled 
to motor through suitable gear reduc- 
tions. Unit may also be incorporated 
into position type servo systems using 
motor coupled to separate followup 
device and tachometer for error rate 
stabilization. Torque unit motor sup- 
plies an output torque of approx. 6 in.- 
0z.; tachometer output voltage is avail- 
able in various models at from 2 volts 
to over 10 volts per 1000 rpm. of motor 
speed. Special models  available.— 
Servo-Tck Products Co., 4 Godwin 
Ave., Paterson 1, N. J. 


Mention No. 322 when filling out card. 


Indicators for 
Thermoelectric Pyrometry 


Three new sizes of millivoltmeters 
for panel mounting have unbreakable 
clear-plastic one-piece front covers. 
Eight ranges cover temperatures from 
minus 75 F. to 3000 F., minus 60 C. to 
1600 C., both F. and C. are shown on 
dials. Standard calibrations for Chro- 
mel-Alumel and for iron-Constantan 





couples; other types including jag; 
num couples on special order. |»\st) 
ments have automatic 


scale sensitivity or four 


ohms yy 


millivolt; adapted to various lengths 


of thermocouples from a few 
up to 100 feet or more.—Assi mb 
Products, Ine., Chagrin Falls, Ohio 
Mention No. 323 when filling out card 


Flow-rate Indicator 


New design of “Magna-Sight” 4 
indicator which uses 
principle allows opaque 
slurries to be measured 
of a permanent magnet 


liquids 
throug} 
on 





plug, which positions a soft-iron 

lower in a slot external to flow char 
nel. Indicator is available in 
bronze, iron, steel, and 316 stainless 


sizes from 0.75 to 4 in. with max. rate: 


from 3.5 to 250 GPM. Temperatures 

to 400 F., and pressures up to 5! 
psi. are permissable.—Fischer & P 
ter Co., 96 County Line Rd., Hath 

Pa. 

Mention No. 324 when filling out card 


Multiple-signal System for 
Hazardous Locations 


New “Series 400” alarm units hav 


hermetically-sealed relays on a seal 


plug-in octal socket. and comply wit! 


National Electric 1947-Code specifica 
tions for Class 1, Div. 2 installatio: 





cold ju Ctlor 
compensation, 250 microamperes f,)). 


nches 


variable-are; 


metering 


brass 


Seed 
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a scorer 











operation: alarm conditions, 
ghts bright, horn sounding; 
r presses acknowledging button, 
ght off, red light on, horn silent; 
operation, white and red light 
im, horn ready to sound again. 
4 single horn will serve any number 
sf siations.—Panalarm Products Inc., 
-916 V. Clark St., Chicago 26, Ill. 

Mention No. 325 when filling out card. 
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Time-interval Recorder 














ng ola 
2 t : ; 
juncti New recording chronograph for in- 
Sia es tervals from nearly 0 to 33 milliseconds, 
hms p y greater, is designed primarily to 
_) mt time flight of bullets. Passage of bul- 
w nNehe 
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Qo os CONTACTS 
[Can | 
RS “Dies 
ental as. >H1r-4J 
CHART record 54) 
qm ) ¥ 
a oat : CONDENSERS 
et through two wire screens is re- 
orded as spark holes in paper disk 
tating at 1800 rpm. Other applica- 
tions are readily made. Current re- 
' guirements are 115 v., 50-60 cps. and 
FP 6-12 v., d.e.—Theodore M. Long, 40 
‘on B S. Bridge St., Somerville, N. J. 
, - é Mention No. 326 when filling out card. 
Tas 
nless yee : 
x. rates Chemical Feeder-blender 
ures , ti * * ? 
agg New “Hydro-blender” for introduc- 
& P tion of chemicals that will “wet” water 
ih it point of use is made of brass and a 
ube of Lucite, and weighs approx. 35 
, Chemicals are placed in Lucite tube 
card | form of water-soluble capsules. There 
pw 
for mie Geos 
ies 
s « TH 
s have 
seal 
» witl 
2cifica : 7 
ations . es } 





dissolve in proportion to water 
ing through a built-in Venturi 
le. When used with 3-lb. capsule, 
{ting solution has a surface ten- 
of 30 dynes. Each capsule makes 
i nimum of 1000 gallons of “wet 
”* (reduces surface tension from 

















0 if America’s foremost 


weather instruments 


BENDIX-FRIEZ 





Precision Humidity and Temperature Indicator. Hair- 
operated and calibrated to professional standards of 
accuracy by the maker of the world’s finest weather 
instruments. Handsome, modern case—4” high, 542” 
wide, 154” deep—desk or wall mounting. A genuine 


precision indicator, reasonably priced. 








WRITE: 
FRIEZ INSTRUMENT DIVISION of 
1308 Taylor Avenue, Baltimore 4, Maryland pein sees alll 


Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, N. Y. 
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THE NEW Z/ZZIIONLK PRECISION INDICATOM| 


WITH EXTENDED RANG 


Just push a button and read, at a glance, the temperature of any location tied-in 
with this quick-as-a-flash ElectroniK Precision Indicator. Each of the 48 buttons 
gives you instantaneous contact with the temperature condition at the location of its 


thermocouple. 


The “extended range” adds new versatility . .. makes the instrument an even more 
valuable tool for precision process applications. For example, a wide range scale can 
be used for readings starting with ambient temperatures and continuing up to “on 
stream” temperatures. Once on stream, a narrow range scale is used to obtain ex- 
tremely accurate readings, taking full advantage of the inherent accuracy (+1/5°;) 
of the instrument. In addition to this pin-point readability, you get one instrument 
that will do the work of two... saving valuable panel board space. 


Call in vour local Honeywell engineer for detailed information . . . he is as near as 
your phone. Ask him, too, about the “double range” instrument which employs 
two types of thermocouples to provide measurement of temperatures over a very 


wide range. 





WORLD'S 
LARGEST 


oneneneencrs MINNEAPOLIS-HONEYWELL REGULATOR CO. + BROWN INSTRUMENTS DIVISIOM 
FOR ADVANCED : 


INSTRUMENTATION : ’ 
sprangarinnt ba bet 4482 Wayne Ave., Philadelphia 44, Pa. 








Offices in 77 principal cities of the United States, Canada and throughout the world 
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*Supplementary 
push-button stations can be mounted 
adjacent to instrument for additional 
temperature measurements, 






DIVISION Advanced Iustrumentation 


FOR BETTER PROCESSING 
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it pays 
to record electrically 


all data— 
pressure, temperature, 


position, speed... 





with a 
Giannini inkless 
direct-writing recorder 





No other recorder 
offers these features: 


@ No pen or ink to clog, freeze or spatter. 
No film to process. No delicate paper sur- 
face to crack or smudge, because— 


@ Rugged balanced galvanometers write 
with heated jewel tips, producing a perma- 
nent and immediately readable sharp 
black trace on white THERMALINE® heat- 
sensitive poper, and— 


@ Without omplification, operate directly 
from Giannini potentiometer transmitters, 
a-c or d-c positioning devices, or other 
transmitters delivering 10 milliamperes — 


With amplification, record output of strain 
gages and thermocouples, and are— 


Available with 1, 2, 3 or 4 channels plus a 
reference marker, providing up to 5 chan- 
nels of test information, and are— 


Driven from governed 24 volt, d-c motor or 
from other voltage as required. 


@ Three chart speeds—moay be changed with 
recorder in full operation. 


Write for complete catalog 
including sample of actual trace 
“Trade Mark 


aA Giannine. 


285 W. Colorado, Pasodeno 1, Colifornia 


697 Morris Turnpike, Springtield, NJ 
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72 to 30 dynes). Most efficient spraying 
pressure is between 60 and 75 psi. 
Above 100 psi. a pressure reducer is 
recommended. Less than 25 psi., a 
booster pump should be used.—Aqua- 
dyne Corp., 220 E. 42nd St., New York 
Fe oh 


Mention No. 327 when filling out card. 


High-vacuum Gage 


New “DPA-38,” ionization gage 
allows full-life use of maker’s “VG-1A” 
tube. Lowest scale division represents 
0.002 millionths mm. Hg. Instrument 





features a direct-reading scale where 
negative exponent of number of mm. 
is read on range selector and coefficient 
is read on dial. Automatic relay assures 
max. life for ionization tube. Unit op- 
erates on 110-v. 60-cps. line. Distil/a- 
tion Products Industries, Ridge Road 
West, Rochester 3, N.Y. 

No. 


Mention 328 when filling out card. 


Semi-automatic Pipettes 


New automatic pipette for any vol- 
une up to 2.0 ml. allows operator to 
pipette 20 to 30 times per minute. 
Four slots and a vernier set stroke of 





plunger to deliver an exact volume. 

New “Micropette” for volumes up to 
0.7 ml. has a sliding-sleeve and setscrew 
arrangement by means of which any 
pre-set volume can be expelled. Using 
distilled water, it has been found that 
accuracy of liquid dispensed is within 
plus or minus 0.001 percent.—Fisher 
Scientific Co., 717 Forbes St., Pitts- 
burgh 19, Penna. 


Mention No. 329 when filling out card 


Shop Cathetometer 


New “Height Gage Scope” cathetom- 
eter has dash-lined crosshair which 
will distinguish 0.001 in. at two feet, 
and has a concentric circle for picking 











up hole centers. Measurement 
read directly on height-gage ve nie) 
Instrument may be focussed f1 ) 5 
in. to infinity. It is 9.25 in. long, 1.432 
in. dia., and weighs 12 0oz.—Q 
Control Ce; 6356 Hollywood Blox L 
Angeles 28, Ca’if. 

Mention No. 330 when filling out card 


Strip-chart 
Recorder-controller 


New “Pneumatic Capacilog” air 
operated strip-chart recorder is con 
pletely se!f-contained and has only ty 





connections. Instrument 
“Capacilog” and “Ele 
W heeleo Inst 


me... ¢ 


external-air 

maker’s 
tronic Link” circuits. 
847 W. Harrison 


uses 


ments Co,, 
cago 7, Til. 
Mention No. 


331 when filling out card 


Dial Thermometer | 


New “Tempoint” dial thermomete: 
for indicating temperatures from 20) 
to 1000 F. comprises a three-inch diar 
eter body and a stainless steel sten 
5.5 inches free length (2 inch imme: 
sion to obtain accurate’ readings 
3ezel is high-temperature Bakelit 


glass window is sealed with a silicone 
gasket to keep moisture and dust f) 
scale. Exceptional readability is claimed 
to be given by V-shaped bright-: 
pointer, unusually large non-glare s« 
with correspondingly large numer: 
Accuracy guaranteed, 1 percent 
range at any point of indication. No’ 
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gral part of bezel.— Bacharach 
ial Instrument Co., 7000 Ben- 

.. Pittsburgh 8, Pa. 

on No. 332 when filling out card. 
















Thermoregulator 


Ni “Quick-Set” Thermoregulator 
has a control setting which can be 
varied over a wide range in a matter 
of seconds. Once set within 10 F. of 
control temperature, adjustments of 











Oo 48 
BLECTRONIC RELAY 


RESER VOR 


s 
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ma 6¢°6hCU a 


several degrees down to 0.01 and even 
smailer under favorable conditions, are 
made by turning a ring knob. One 
model covers a range from approx. 
() to 600 F. or higher. Another model 
covers a range from minus 38 F. to 
about 50 F. Over-all length is 14 in. 

H-B Instrument Co., Dept. T-19, 2633 
Trentin Ave., Philadelphia 25, Pa. 


Mention No. 333 when filling out card. 


Narrow-bandwidth Green 
Filter 


New mereury-green multilayer-inter- 
ference filters, available in 2-in. and 1- 
in, squares, meet rigid specifications: 
peak wavelength of 5461 plus-or-minus 
10 A.u.; transmission 70 plus-or-minus 


Ps 54618 
: ; C43 .. 





504 












4000 00. . ty 
Wavelength in Angstroms 7 


holder on stem permits mount- 
ey a hole without tools. Handle 






AT YOUR 


COMMAND 


More and more manufacturers interested in main- 
taining a reputation for precise efficiency are 
looking to Haydon® at Torringfon for dependable 
timing. Our entire engineering staff and production 
facilities are devoted exclusively to the design and 
manufacture of timing motors and devices including 
time delay relays, elapsed time indicators, repeat 













cycle and interval timers. At your command are 
the complete resources of Timing Headquarters, 
where timing is the only interest. The products 


illustrated below are examples of many shown in 


our new catalogs. 


THE 4400 SLOW SPEED SERIES 


A very slow speed unit — for low cost 
installations where space is at a pre- 
mium. Offers speeds from 6 hours to 
7 days per revolution. 


INTERVAL TIMER WITH BUZZER 


This timer features an optional buzzer; 
demands attention by sounding con- 
tinuously after completion of cycle 
until manually turned off. Unusually 
compact, for use where space is lim- 
ited; offered in a wide range of 
intervals. 


SUPERIORITY FEATURES OF 


HAYDON MOTORS 


Slow 450 rpm rotor speed. Very small 
size. Totally enclosed. Separate rotor 
and gear lubrication systems. Opera- 
tion in any position. Simple, secure, 
inexpensive assembly. 


@ TRADE MARK REG. U.S. PAT. OFF 


NEW CATALOGS TO MEET EVERY NEED 


For complete design and engineering specifications, write 
for catalog: Timing Motors No. 322 — Timers No. 323 
— Clock Movements No. 324. Yours without obligation. 





HAYDON 


AT TORRINGTON 





HEADQUARTERS FOR 


TIMING 








HAYDON Manufacturing Co., Inc. 


2027 ELM STREET 








8010 SERIES 
INTERVAL TIMER 
WITH BUZZER 








TORRINGTON, 


Maret 


CONNECTICUT 


SUBSIDIARY OF GENERAL TIME CORPORATION 
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RUPTURE-PROOF 


BELLOWS TYPE 


FLOW METERS 


EXCLUSIVELY BY 


BARION 





FLOW © LIQUID LEVEL 

DIFFERENTIAL PRESSURE 

ONLY BARTON OFFERS 

%& POSITIVE OVER-RANGE PROTECTION 
Rupture-Proof Bellows Unit Permits 
Over-Range to Rating of Housings 
Without Damage 

%& VITAL PARTS PROTECTED 
Torque-Tube, Bearings and Pivots 
Sealed in Lubricating Liquid « No Cor- 
rosion by Line Fluids. se 

*% SELF DRAINING AND VENTING 

Line Fluid Contacts Outside of Each 

Bellows * Condensate or Surges 4 BS 

Liquid Drain trom Housings 4 





BARTON 


INSTRUMENT 
COMPANY 


1431S. Eastern Ave 
Los Angeles 22 
California 


SELENIUM 


PHOTOELECTRIC 
CELLS 


external 





Self-generating — No 
source required. 
Sensitivity — Up to 600 microamps per 


lumen. 


Stable Characteristics - 


we , 


power 


Long Life 





as 

62 
Cell Size Output-yo* 
Al5 2” diam. 800 
Al0 1%," diam. 550 
A5 1% diam. 250 
B10 11/16"x7/_" 340 
B5 1-7/16"x41/64" 220 
B2 23/32" x7/16" 75 


“At 100 ft.—Candles & ext. Resistance of 100-ohms 


bulletin PC 649 


Send tes 


Engineering lina: quotations ond samples 


supplied on Request 








INTERNATIONAL 
wane hates, CORP. 


809 , $ ‘Hério’ Ave 


Angeles (@elihiclailts| 
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10 percent; bandwidth 50 plus-or-minus 
10 A.u. at half max. transmission.— 
Baird Associates, 33 University Road, 
Cambridge 38, Mass. 

Mention No. 334 when an Sing out card. 


Multi-channel Airport 
Recorder 


New magnetic recorder, capable of 
recording fourteen channels re 
ously, is made to mount on three 7.5- 
foot standard relay racks. Each bioet 
of recording tape will run for slightly 
over four hours and will automatically 
start a second reel before first is 
finished, giving up to eight hours of 
unattended operation. Automatic start- 
ing of a standby recording system and 
special alarm circuits assure against 
failure.—Brush Development Co., 
Cleveland, O. 


Mention No. 335 when filling out card. 


Humidity-temperature Test 
Apparatus With Program 
Control 

New humidity-temperature test ap- 
paratus consisting of a test chamber, 
an air-conditioning unit, and a special 
control system has an average max. 
rate of rise of dew-point temperature 





per min. between 60 and 160 
F. at no load, with an average max. 
fall of 0.75 F., and has average max. 
rise and fall of dry-bulb temperatures 
equal to or greater than those for dew 
point.—American Instrument Co., 8030- 
8050 Georgia Ave., Silver Spring, Md. 
Mention No. 336 when filling out card. 


of 0.45 F. 


Traction-type 
Dynamometers 


New ranges of “Model AN” jy 
mometers add units of 30, 40, «1d 59 
thousand-pound capacity for me: iring 
tension loads. Dial diameter is | () jp 
net weight is 25 lbs. Instrume:: ij 





stand 15 percent overload without 
damage to calibration, and will hold 
a 2-times overload. Inside dimensions 
of shackles are 3.875 by 2 in. Instrv- 
ment is calibrated against laboratory 
testing mac hine, and checked with prov. 
ing ring certified by U. S. Bureau of 
Standards.—W. C. Dillon and Co., Inc 
5410 W. ovine St., Chicago 44, | 
Mention No. 337 when filling out card, 


Stroke Counter 


Silver King” mechanical count- 
ers incorporate steel base and cover 
with chromium finish, light-weight 
plastic number wheels for reduced iner. 
tia and windows of reinforced plastic 
A built-in device prevents reverse op- 


New “ 





eration of reset mechanism. Any tan- 
pering with reset knob is easily de- 
tected. Counters are also available ir 


models.—Pro- 


key-reset and non-reset 
Jack- 


duction Instrument Co., 702 W. 
son Blvd., Chicago 6, Il. 
Mention No. 338 when filling out card. 


AM-FM-TV Testing Instruments 


New AM-FM-TV testing and service 
laboratory consists of a set of five 
matched instruments: Marker-signal 


Generator; 
VTVM-meg- 


Generator; Sweep-signal 
Cathode-ray Oscilloscope; 


ohmmeter and a tube tester.—/’reci 
sion Apparatus Co., Inc., 92-27 Horace 


Harding Blvd., Elmhurst, L. 1., N. Y. 


Mention No. 339 when filling out card. 
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W thout 
will hold 
mensions 

Instru- 
boratory 
ith prov. 
ureau of 
Co., Ine. 
o 44, Ill 


ut card, 


al count- 
id cover 
it-weight 
ced iner. 
| plastic. 
erse op- 





\ 


ny tam- 
sily de- 
lable in 
s.—Pro- 


é Jack- 


t card, 


—Preci- 
Horace 
a Ae ¢ 


t card. 
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Time Switches 


s “Series TS50 Inter-Matic” 

witches feature interchangeable- 
assemblies, conversion to port- 
jlug-in units as desired, and up 


to 12 on and off operations every 24 
hours. Units are mounted in drawn- 
steel round-corner cabinets 7.75 by 5 
by 3 in. with 0.5 and 0.75 in. knockouts 
in sides, back, and bottom. Switch 
contacts are rated at 35 amps.—IJnter- 
national Register Co., 2624 W. Wash- 
ngton Blvd., Chicago 12, Il. 

Mention No. 340 when filling out card. 


Tension Meter 


New “Tensiometer’ 
dicator has a transparent flywheel 
through which readings are taken 
which makes steady readings possible 


| 
t 
| 
| 


yarn tension in- 





n 
. 


mn quickly traversing machinery. New 
model has total capacity of 125 grams. 
Fifty grams are read from black figures 
mn first revolution of dial. Remaining 
50 to 125 grams are read from red 
figures on second’ revolution.—Saxl 
lnstrument Co., Harvard, Mass. 


893 


Mention No. 341 when filling out card. 


Dial Bore Gage 


New “Series S and T” dial-type bore 


gages are made to measure diameters 


m 0.5 to 6 in. or other ranges on 
special order. First model gives direct 
adings in thousandths over entire 
nge; second gives plus or minus in- 















COMPRESSED 
AIR FOR 
INSTRUMENTS 


.-.-to low 
dew points, 


‘b 


Here's how KEMP Dynamic Dryers 
protect instruments, control mois- 
ture in instrument air at Low Cost! 








OMPACT, inexpensive, standardized — that’s the story behind 
Kemp Oriad instrument air dryers. Designed specifically for 
instruments, these dryers limit moisture content in instrument air to 
safe dew points! Operation is uninterrupted. One single lever changes 
flow and reactivation is accomplished automatically. Oriad Dryers 
are available in standard drying cycles. 


DESIGNED FOR INSTRUMENTS 


offer manual, semi-automatic 





Kemp Dynamic Dryers are versatile 

1 or automatic operation. Drying to any dew point you specify is 
guaranteed, at an extremely low cost! Desiccant is selected especially 
for instrument work to provide effective moisture control. Choose 
gas, electric or steam regeneration as standard equipment. 


SEND FOR INFORMATION 
Whether your moisture control problem is special or standard, you’l! 
find Kemp has a Dynamic Dryer especially designed to solve it. Find 
out how Kemp engineering can save you money. Get the facts on 


& Kemp Dynamic Dryers. Bulletin D-27, contains specifications, 
technical data and full information. For free copy, mail coupon today! 


hEMP DYNAMIC DRYER 
A -crcaaty a 


9 F 8 A £ TIM sd R E Gentlemen: Please send me Information Bulletin 


D-27. We want facts on drying { ) air ( ) gas ; 


CARBURETORS (_) liquids. 
BURNERS 

FIRE CHECKS I iad 

ATMOSPHERE & INERT GAS 

GENERATORS , Company ...... Se ee eS eee ere Pr ee ee ee a i 
ADSORPTIVE DRYERS 
METAL MELTING UNITS Po TE Pare MN ee ee ee ; 
SINGEING EQUIPMENT i, ee eee : Zone State : 


SPECIAL EQUIPMENT : = POE CE ORE RR ee ee SI ee 
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Grid-Dip Meters 
Television and FM Test 
Equipment 





Standard Signal Generators 
Pulse Generators 
FM Signal Generators 
Square Wave Generators 
Vacuum Tube Voltmeters 


UHF Radio Noise & Field 
Strength Meters 


Capacity Bridges 
Megohm Meters 





STANDARD SIGNAL GENERATOR 


MODEL 84——-300-1000 Megacycles 


OUTPUT VOLTAGE: Continuously variable from 0.1 


100,000 microvolts. Output impedance, 50 ohms. 


MODULATION: Sine Wave: 0-30%, 400, 1000 or 2500 cycles. 
Pulse: Frequency, 60 to 100,000 cycles. Width, 1 to 50 
microseconds. Delay, 0 to 50 microseconds. Sync. output, 


up to 50 volts, either polarity. 


POWER SUPPLY: 117 volts, 60 cycles. (Also available for 
117 volts, 50 cycles; 220 volts, 60 cycles; 220 volts, 50 


cycles.) 
DIMENSIONS: 12” 


WEIGHT: Approximately 135 pounds, including external line 


voltage regulator. 


MEASUREMENTS CORPORATION 


BOONTON - NEW JERSEY 





high x 26” wide x 10” deep, overall. 











bs 


dial scale is always 
concentric with the 


pointer travel 


HEISE GAUGES 





STANDARD OF THE WORLD 


gauges 
rotation. Errors due to misali 


ing or 


The scales of Heise Bourdon tube pressure 


are absolutely concentric with the pointer 
in mount- 
cutting the scales are avoided since the 


scales are cut from their centers, and are mount- 
ed at the centers on a hollow spindle through 
which the pointer rotates. 

Three sizes: 84% in. 12 in, and 16 in. in 


ranges 


from 0-15 to 0-10,000 psi. Prices from 


$151.60 to $211.20. Write for catalog. 
Heise Bourdon Tube Company, Inc. — 


Newtown, Connecticut 
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dications in tenths of thousand 
any dimension to which gage R 
Standard tip sizes are one-six -¢; 
and one-eighth in. O.D. Special t: < » | 
available for grooves down to ( § 
—Rimat Machine Tool Co., 1} 
Way, Glendale, Calif. 


Mention No. 342 when filling our 








Magnetic Tape Recorcer 

New “Knight” magnetic-ta; 
corder has a 1200-foot reel of 
which provides a full hour’s rec 





bos ate! 


and is complete with a built-in hig 
gain amplifier and PM _ speaker f 
playback. A crystal handmike ar 
cable, all tubes, and one _half-h 
spool of tape are supplied.—A 
Radio Corp., 833 W. Jackson B 
Chicago 7, Ill. 


Mention No. 343 when filling out card 


Chemical-problems 
Circular Slide Rule 
New “Chemputer,” based on equ 
ment originally developed for aeria 
navigation, consists of a pair of sliding 





scales plus a hairline finder. A sing 
setting of scales solves any problem 
simple proportion.—Coleman Inst 
ments, Inc., 318 Madison St., Mayu 
Illinois. 


Mention No. 344 when filling out card 


Tile Sorter 


New “Model 208” electronic sorte: 
used to detect air pockets in tile. Equi} 


935 


of Sti. oO: 


ment may be used on conveyors 
sorting at rates up to 10 per second 
Electronic Associates Ine., Long Bran 
N. J. 

Mention No. 345 when filling out card 



















oy | oolmaker’s Microscope 

e 

“S1X s¢y \. . “Model No. 1” microscope per- 
al t tory. funetions of linear, coordinate, 
oO | ; sae gular measurement. Range of 
1] ‘nea. vement is 6.5 inches in each of 
Out -ar 

Orcer 

tap 

OI ta 

recordir 





- 


‘wo coordinates. Angular measure- 


nents are made by linear determina- 





! 
ee | tions plus shop trigonometry. Optics 
ln hie onsist of achromatic objective and 
ker # tamsden eyepiece. Over-all magnifica- 
ae | tion is about 35 times. Standard equip- 
alf ee - ment includes dust cover and gage 
ae m rods.—Boeckeler Instrument Co., 31 E. 
4 * Rillito St., Tucson, Arizona, 
© Mention No. 346 when filling oyt card. 
it card ae); } 
Tablet Disintegration 
s | Tester 
e New “Stoll-Gershberg type Tablet 
Disintegration Tester” has a_ six-cell 


screen-bottomed carrier which is moved 
a 5.5 em. vertical stroke in and out 
i constant-temperature bath at the 










sing! 
























lem « 
Inst 
Mauer 
card ate of 28 to 30 strokes per minute. It 
vides in one compact unit motive 
ver to immerse carrier at a constant 
ind fixed rate. New apparatus may be 
found useful with little adaptation for 
rter is letermining dissolving rate for soap 
e quip- ind similar products, or for rusting 
tests of metals.—J. J. Vanderkamp, 
D0 High Street, West Orange, N. J. 
M 


ention No. 347 when filling out card. 


Testing Machine 


ew “Type LC” testing machine is 
ided with dual-capacity ranges of 
00 Ibs. and 1000 lbs. It meets 
y, Navy, Federal and ASTM speci- 


s f 

ond ions, and is available in both hand- 

an ated and motor-driven models. 
l-operated model is for bench 

card nting; motor-powered units are 





Speedy * ficcurate 
RESISTANCE 
MEASUREMENTS 








«++ with the Rubicon 

PORTABLE KELVIN BRIDGE 
For work at very low resistance 
levels this instrument is the 
counterpart of the Wheatstone 
bridge shown above. 


e Range: 0.0001 to 10.1 ohms 

e@ Limit of error: 0.25% 

e Built-in battery and high sen- 
sitivity “Pointerlite” galvanom- 
eter 


e Provision for external battery 


and galvanometer when re- 
quired 

e Sturdy and convenient in op- 
eration 


Wheatstone and Kelvin | 


together with other resi 








. +. with the Rubicon 
PORTABLE WHEATSTONE BRIDGE 


Sl 


This convenient instrument combines 
instant portability with high accuracy 
and is widely used in laboratory, 
plant and field. Built for dependable 
service under hard usage. 


Wide range: 1 ohm to 10 megohms 
Limit of error: 0.1% 


Built-in battery and galvanometer 


Provision for external battery and 
galvanometer when required 

e Available with Murray and Varley 
loop circuits 


e Compact and rugged 











stance instruments, 


{ 

} 

ridges in a variety of models, 
measuring 
} 


are fully described in Bulletin 100 available on request. 











sporti 


e Sturdy, 


GHT GALVAN 


short pet 


t 
(up to 














OMETER 





@ Sensitive flect ptical system 
»f\ ec v 
e Multiple-r° Jeflection me ysurements 
e For null o rar. ¥ , ) 
ibed 'n Bullet * 
Descr ] 1 





OTHER RUBICON 
INSTRUMENTS 


Resistance Standards »* Mueller 

Bridges * Precision Potentiometers 

¢ Evelyn Photoelectric Colorimeter 

for chemical analysis * Automatic { 

Recording Photometric Analyzers 

for NO and H.S * Magnetic Per 

meometers * Magnetic Hardness 

Testers * Shorted-Turn Coil Testers 

* Other equipment involving pre 
{ 
{ 


cise measurement of electrica! 





quontities 







Electrical Instrument Makers 


————— 3755 Ridge Ave * Philadelpbia 32, Pa 
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Plug-in components provide 
the utmost in flexibility for the instru- 
mentation engineers in your company. 


ATE © TO WARN .eeATA 


TO MEASURE TO INDIC 


“Bendix -Pacific 


DISTANCE 


Bendix-Pacific offers the aircraft industry 
the fully tested and proven AN/DKT-3 
Subminiature Telemetering System. 


The complete Telemetering Services 
offered by Bendix-Pacific include: 
. Application engineering to adapt the 
Bendix-Pacific System to each 
specific instrumentation problem. 
. Standard ond special FM/FM sub- 
miniature components and assemblies. 


Ls) 


wow 


. Installation engineering and 
calibration services. 

. Aircraft and missile antenna design 
Flight testing, providing ground 
station facilities and reduction and 
analysis of dota. 


w » 


Indicative of the engineering leadership 
which Bendix-Pacific has attained is the 
face that a typical six-channel telemetering 
system complete with power supply weighs 
12 pounds and occupies only 130 cubic 
inches. Equipment now available to pro- 
vide line of sight ranges up to 100 mites or 
more for Bendix-Pacific Telemetering Sys- 
tems. Inquiries from qualified companies 
and agencies for complete engineering data 
are invited. 


= 


ad 
Pacific Division 
“Bendix Aviation Corporation 


NORTH MOLLY WOOD CALIFORNIA 







Eostern Engineering Office: 475 Fifth Ave.,N. Y. 





Speed Reducer 





for Your 
Instruments 


Bodine Type K motors, with 
or without speed reducer, are 
the heart of many precision 
instruments. Accurate, depend- 
able, trouble-free, Bodine 
motors provide continuous day- 
in-day-out operation of your 
quality instruments. 

The Bodine Type K motor, 
of superior design, workman- 
ship, and performance, is a 
highly dependable source of 


compact power. Only 23” high, it provides 
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from 1/2000 to 1/500 horsepower, with re- 
ducer speeds down to 1 rpm. Write, today, 
for information. Bodine Electric Co., 2244 
W. Ohio St., 


FRACTIONAL Vj O10 
HORSEPOWER 


Chicago 12, Illinois. 









| 
} 
| 
| 


| provided with stands which hou ¢le¢. 
| trical controls.—Tinius Olsen stin, 

Machine Co., Easton Road, illow 
| Grove, Pa, 

| Mention No. 348 when filling ou: ard. 


Unbreakable Hydrome <e; 


New pencil-sized hydromete:  §, 
measuring gravity of mold 0; ¢), 
coating materials is 7.75 in. lony, ma 
be carried in pocket like a pencil. Bod 





SS 944 
is of a clear plastic, enclosing easy-to- 
read 0 to 70 Beaume’ scale for heavier- 
than-water materials such as_ paints 
slurries and liquids containing solids 
Harry W. Dietert Co. 9330 Rosela: 
Ave., Detroit 4, Mich. 
Mention No. 349 when filling out card 


Multi-range 
Electrical Tester 


New “Model 104 Volometer” weighs 
2 Ibs. 5 oz., is housed in a high-impact 
round-cornered Bakelite case wit 
carrying strap, and has dim. 5.25 | 
6.75 by 2.88 in. Instrument covers 5 d- 





804 


voltage ranges at 20,000 ohms per 
to 3,000 v., 5 a-c. voltage ranges 
3,000 v., 3 resistance ranges to 20 megs.. 
and 8 a-c. & d-c. current ranges to 4 
db ranges.—Electronic Measureme 
Corp., 423 Broome St., New York 
N.Y. 

Mention No. 350 when filling out card 


t 


Direct-inking Oscillograph 


New oscillographic equipment p 
vides instantaneous recording on st 
chart at frequencies up to 120 ep 
instrument includes amplifier a 
single- or double-channel record 
















944 


 @asy-to- 
heavier- 
3 paints 
g solids 


Pose laa 


ut card, 


welgnhs 
-impact 
J Wit! 
5.25 | 





oY volt 
res t 
megs., 
s to 5 
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However, amplifier or recorder may be 
used separately. Chart speed is variable. 
4 small plexiglass door on front of 
instrument gives access to chart for 
making notations. Front of case is 
hinged for ease in replacing chart paper 
rolls. —Photron Instrument Co., 6516 
Detroit Ave., Cleveland 2, Ohio. 


Mention No. 351 when filling out card, 














Electrical Indicating 
Instruments 
New “Ruggedized” line of d’Arson- 
val-type d-c. movement instruments is 
lesigned to withstand such tests as 
‘tumbling in a barrel for one hour, 







’ v 
’ 


4 





a ENS mw, my 
ASEM va & we = ort / magnet 


POLE MECES 
f a 





$52 ronan 

SHOCK MOBRT 
heavy vibration for six hours, and 
2,000 foot-pound blows to panel on 
which instrument is mounted in each 


three orientations. Instruments are 
hermetically sealed; are lighter in 
weight than former models.—Marion 
Electrical Instrument Co., Manchester, 


\V. A 


Mention No 


352 when filling out card. 


TV Volt-ohmmeter 


vacuum-tube 
d-c. voltage ranges of 0 to 3- 10- 
0- 100- 300- and 1000 at an input re- 
istance of 11 megohms, and 0 to 30 
at 1100 megohms; a-c. voltage 
nges of 0 to 10- 30- 100- 300- and 


Ne W 


volt-ohmmeter 


= 


















“OlTage © 
REGULATORS 






THE SUPERIOR ELECTRIC COMPANY 
HAS A STABILINE FOR YOUR NEEDS 


If you're looking for dependable automatic voltage regu- 


lation, investigate STABILINE first. You'll save time 
and money — you'll get longer service through better 
design and construction — you'll get performance and 


operating characteristics as advertised. 


AVAILABLE IN 2 TYPES 


STABILINE Type IE is instantaneous and 


completely 


output voltage to within 0.1% of pre- 
set value regardless of wide line varia- 


tions; to 


Waveform distortion never exceeds 3%. 
STABILINE Type IE is available in cabi- 


net or rack mounting models — in numer- 


ous ratings. 





STABILINE T 


electronic in 


within +0.15% 
load current or power factor changes. 


TYPE EM4102 


action. Keeps 


regardless of 


TYPE IE 
PORTABLE 


STABILINE Type EM (Electromechani- 
cal) features zero waveform distortion, 
insensitivity to magnitude and power fac- 
tor of load, no effect on system power 
factor; no critical adjustments. It is avail- 
able in output ratings up to 100 KVA — 


for single and for 3 phase operation. 





ypes IE and EM perform “as advertised”. 


Each and every STABILINE Automatic Voltage Regula- 


tor is inspected and tested to the most rigid specifications. 


If 





after you purchase a model of either type — you 


would like a copy of the inspection and test report, write 


us and a full report will be sent promptly. 


WRITE US TODAY FOR FURTHER DETAILS ON THE STABILINES 


703 Meadow St., 
BRISTOL, 
CONN. 


re SUPERIOR ELECTRIC co. 


BRISTOL, CONNECTICUT = 
POWERSTAT VARIABLE TRANSFORMERS © VOLTBOX A-C POWER SUPPLIES * STABILINE VOLT 
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dependable instruments 













Type 
A-708 
24-channel 





SPECIAL FEATURES 


@ Easy loading 

@ Four quick-change 
paper speeds 

@ Simultaneous viewing, 
recording, scanning 

® Trace identification 





®@ Zero mirror 


° A U T o ee AT | Cc ®@ Adjustable automatic 


record length 


°o g Cc | L L oO G a A PR oo Reorder ® Synchronizing reference 


trace 


Developed for simplicity and ease of operation, the HEILAND 


i i : @ Lam n 
Automatic Oscillograph Recorder saves time... reduces costs. amp burn-out 


Flexibility of operation permits the recording of strain, vibra- indicators 

tion, pressure, acceleration and temperatures. @ Size: 958” (H) x 1314” 
Write for complete detailed information (L) x 19%” (D) 

HEILAND RESEARCH CORPORATION @ Weight: 59 Ibs. 








139 East Fifth Avenue Denver, Colorado 























now you can assemble your own 


Touce Miasuhing 
systems 


for uso in applications such as dyna- 
mometers, industrial weighing, strength 
of structures, jet engine thrust, and 
countless other force-measuring prob- 
lems. Illustrated is the famous Emery 
Hydraulic Cell, basic unit of Emery 
hydraulic testing and force-measuring 
systems. 


All components are simply construct- 
ed, but rugged; they are compact in 
size, extremely sensitive and accu- 
rate. Easy to mount and use. Send 
for complete literature and prices; 
also our engineers will be pleased to 
discuss your force-measurement prob- 
lems and make recommendations. 





E*) 


THE A.H.EMERY CO. =... | 
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| has R.F. voltage ranges of 0 t 3. 1), 
| 30- 50 useful to over 100 meg cycle 

| Operation is from 110-120 50-0 

| current.—Transvision Ine. No» p 


1000 at 1000 ohms per volt; re. stay 
ranges of 0 to 1- 10- and 100k) ~oh»,. 
and 0 to 1- 10- and 1000 megoh) s; ay, 


chelle, N. Y. 
Mention No. 353 when filling ou: card 





Production-line 
Insulation Tester 
New rectifier-operated type ¢: 
“Megger” insulation tester contains , 
power-pack consisting of a constant. 
voltage step-up transformer and sek 





nium rectifier, giving a constant d- 
test voltage. Instrument covers a wid 
range and is independent of sup; 
voltage.—James G. Biddle Co., 1: 
Arch St., Philadelphia 7, Pa. 

Mention No. 354 when filling out card 


Aircraft Navigation 
Radio Receiver 


New “Model LR-5BR” receiver fea- 
tures continuous tuning for all VHF 
tower, radio-range and VOR-recepti 
facilities. Receiver weighs 3 lbs. 11 « 
and measures 3.5 by 6.44 by 10.85 


=< — 


Control unit, “Model LR5-CR,” for 
ceiver weighs 6 oz.; dimensions art 
1.88 by 3.91 by 3.79 in.—Aircraft Rad 
Div., Lear, Inc., 110 Ionia Ave..N.V 
Grand Rapids 2, Mich. 

Mention No. 355 when filling out card 


D-c. Power Supply 


New “6RS10" 6-volt portable 
power supply is continuously variable 
from 0 to 8 v. Unit may be operate 
continuously at 10 amp. and _ inter- 
mittently at 20 amp. with less than 
v. ripple. Supply is equipped wit! 
0-20 d-c. ammeter, a 0-10 d-c. voltmeter, 
a self-resetting circuit breaker in < 
line, and a switch and fuse in a-c. | 
—P. R. Mallory & Co., Inc., 3029 
Washington St., Indianapolis 6, Inc 


Mention No. 356 when filling out car: 























‘tigre Insulation Tester 
roh a \ insulation tester consists pri- 
Ot ( 2 of a high-voltage transformer, 
neg cycle ~) :opdriven auto-transformer, an 
50-10 ‘ndic .ng voltmeter, and mercury cups 
N i 7 iinals for connecting specimens. 
‘wo models are available; one rated 
‘ v.. 5 kva.; the other at 12 kv., 
Ou card ~ oes : af » are 9 : 
05 kva. Cabinet dimensions are 20 by 
e ! — 
2 ig 
type FH : 
“ONT alns t 
ce tan 4 
and sek $ Hs 
4] 
< 
© 
Ps 91s 
: 16 by 35 in. Overall weight is approx. 
> 2090 ib. Standard rate of rise of second- 
ary voltage is 500 per sec. At break- 
down of specimen insulation, an over- 
My current relay operates to stop motor- 
riving mechanism and to open pri- 
iary, de-energizing circuit. Voltmeter 
> has a linear seale and will remain fixed 
© at breakdown voltage until mechanism 
> is reset to zero. Instrument can be used 
| for fatigue testing. Automatic timer 
tant ' records actual test time that specimen 
Sa wide JB is under stress.—Westinghouse Elec- 
f supply He trie Corp., Box 2099, Pittsburgh 30, 
'0., 131 Y Pa. 
Mention No. 357 when filling out card. 
ut card PLE: a sg 
7" Electric Hot Plate 
New “Temco” Electric hot plate 
has thermostat which provides con- 


rol from 100 to 700 F. Temperature 
riation held within 5 at 100 F. 


1S 





to max. A 


200 F. 
eon indicating light glows while plate 
s heating. Cast-aluminum surface plate 


{i within 2 from 


ar 





s 6 by 6 in. Weight is 4.5 lb.—Thermo 
Electric Mfg. Co. 496 W. Locust Stree C. 
Towa. 


Uuouque, 


Mention No. 358 when filling out card. 









WN. 
Wiring Terminal Lugs 

card New line of miniature terminal lugs 
been designed and engineered 
neet requirements of component- 
s trend toward smaller size equip- 

throughout electronic industry. 

e 
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Elapsed time intervals can be 
measured down to Yooth second with a 


STANDARD PRECISION TIMER 


The world’s most accurate (and rugged) time meas- 
uring instrument. Available in 8 models as shown 
























































below: 
ah MODEL READS TOTALIZES ACCURACY i 
$-100 1/5 sec. 6000 sec. + .1 sec. 
S-60 1/5 sec. 60 min. ot . bade. 
SM-60 1/100 min. 60 min. + .002 min. 
$-10 1/10 sec. 1000 sec. + .02 sec. 
S-6 | 1/1000 min. 10 min. + .0002 min. 
$-] 1/100 sec. 60 sec. + .01 sec. 
MST 1/1000 sec. .360 sec. + .001 sec. 
MST-500 | 1/1000 sec. 30 sec + .002 sec. 
Manually and Electrically Operated Portable Cases or Panel 
Mounting optional changes to conform to customers’ require- 
ments. 





Special Timing Problem. our engineers are ready to 


consult with you, and design timers to meet special timing 


problems. 
OTHER PRODUCTS 


Standard Chrono-Tachometers, Custom-built Laboratory Test 
and Distribution Panels, School Time Program Systems, Hos- 
pital Doctor Paging and Nurse Call Systems. 


WRITE FOR BULLETIN NO. 153 


sTANDARD 
THE STANDARD ELECTRIC TIME CO. 


LOGAN STREET SPRINGFIELD, MASSACHUSETTS 
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PRECISION 


INSTRUMENTS 


For an illustrated description of how PERMOPIVOTS are made, 
ask for the PERMOPIVOT booklet... Free on request. 


STANDARD OF > 







Important 


NEW 
TOOL 


for 
INDUSTRY 


and 


SCIENCE 
@ MODEL 300-C $1575 


~a 
==" AMPEX 


PANEL $ 
F OB San Carlos 
full spectrum tape recorder 
Capturing 100%, PURE SOUND the Ampex Recorder offers 
industry and science o new tool of vast importonce 

Ampexed”’ tape recordings cover entire range of the 
audible spectrum. Extensively used for Broadcasting, now 
proven for Telemetering, Transonic Research and other im 
portant electronic uses. Mognetically eroses and records; 











u 





410 GUVGNVIS,.*..SMOHS OClavy ivaud * 













tape reusoble mony times. True fidelity ploybock. Ampex 
laboratories available for special research 
© Get FREE BOOKLET today! 
AMPEX ELECTRIC CORP., San Carlos, California 
Without obligation please send }6-poge illustrated 
booklet contarningtechnical specificotions of Ampex 
Mognetic Tope Recorders 
ee _ - 
ADDRESS. — ee a 
a Oe 
Our need is for: Telemetering 


Laboratory Research ndustrial Recording 
Mult) Channel Recording Aerophysical Research 


Recording Broadcasting Private Home Use 
Distributed by 

BING CROSBY ENTERPRISES (Hollywood 

AUDIO & VIDEO PRODUCTS CORP. (New York City 








GRAYBAR ELECTRIC COMPANY (Everywhere 
EXPORT: WESTREX (New York City 





«SMOHS OCIGVE LAV3aND IHL 











MICO 
ENGRAVER 


Model 253 


A further adaptation of the already 
proven Mico Engraver, Model 252. Will 
perform accurate engraving on panels 
19-inches wide and of unlimited 
length. Accommodates work up to 19- 
inches high. 


Catalog on request 


MICO INSTRUMENT CO. 


86A Trowbridge Street 
Cambridge 38, Mass. 

















Lugs are silver plated and s) ¢jaj) 
treated to prevent  corrosio \ 
undergo rigid inspection to m ‘ntaj, 
tolerances.—U.S. Engineerin (;, 
521 Commercial St., Glendale 3. (4); 


Mention No. 359 when filling ow: carg 
High-vacuum 
Diffusion Pump 

New “MCF-—300” fractionati 

diffusion pump provides a sp od 

approx. 300 liters per sec. in rang; 

0.01 to 1 micron Hg, the highes: eve, 

achieved with a 4-in. I.D. pump casing 


An ultimate vacuum of 0.0005 micro 
Hg at 25 C. is attainable without ¢o|, 
traps. With Octoil as pump fluid, u 
will operate against a forepressure 0; 
0.150 mm. Hg or more, depending o, 
heater input.—Distillation Products 
Inc., 755 Ridge Road West, Rochest, 
13, N. Y. 

Mention No. 360 when filling out c: 





Small-size Silver-type 
Storage Battery 


New “Silvercel” storage batteries, 
available in five types from 0.5 to 4 
amp.-hour capacity require one-third t 
one-half the volume, and have one-fift! 
to one-third the weight of lead batterie: 
of same capacity. Cells are leakproof, 





and give off no fume or spray. Life 
longer than for lead cells, and com- 
pares with ferro-nickel or cadmium- 
nickel batteries. Discharge curves ar 
essentially flat with no damage fron 
heavy overloads.—Yardney Elect 
Corp., 105-107 Chambers St., New 
fe ee 

when filling out card. 


Mention No. 361 


TV Components 


New television components with in- 


strumentation applications are an- 
nounced: 

(1) 16GP4, 16 in. “Metal” pictur 
tube. 

(2) 206D1, Defiecting yoke. 

(3) 208R1, Width control. 

(4) 209R1, Horizontal linearity con- 
trol. 

(5) 218T1, Horizontal-deflection out- 


put and high-voltage transformer. 
(6) 222T1, Vertical-deflection outpu 
transformer. 
—Tube Dep't., 
Harrison, N. J 
362 


Radio Corp. of America 


Mention No. when filling out card 


“World’s Smallest” 
X-ray Tube 


New “Mini-X 045A,” said to be th 


world’s smallest x-ray tube, was ce- 


veloped for dental radiography but wi! 


find industrial applications. Length 











CUSTOM-BUILT 





is 797 





x N- 
p a 
in. including pins; dia. 1.125 in, Tube 
ati oil, B® has an extremely small and critical fo- 
Spred of FR cal spot of 0.8 sq. mm. (conventional 


x-ray tube focal spots vary from 1.5 to 









hest ev, 91 sq. mm.); it has a_ stabilized 
'P casing. Tm amount of radiation output and _ its 
5 micron a radiation is more concentrated, thus 
hout « x producing higher contrast and greater 
luid, u z definition in x-ray picture. It is of sta- 
essure , © tionary-anode type for oil-immersed 
nding on Je operation; operates at 45kv. and 7 ma. 
Products Amperex Electronic Corp., 25 Wash- \ 
Rochest, a ington St., Brooklyn 1, N. Y. : 

> Mention No. 363 when filling out card. 
ut card — 

Hermetically-sealed 
ype Photocell . 
New hermetically-sealed selenium As you want it 

vatteries photocell has an average current sen- sss 
.5 to 40 sitivity of 600 microamperes at illu- 





-third t > mination of 100 foot-candles with 100- when ou want it 
y ohm external circuit resistance. Assem- aiding 


one-fift} : 
batteries bly features extruded brass case using 


akproof 2 a glass-to-metal sealing alloy. Space 3 vw e 
© utilization factor of unit is high as case Ig yf g t 
’ measures 2 in. square by 0.437 in. thick ; au es rom 8 or [| er 
» active cell area approx. 2.25 sq. in. 
’ Positive contact is made by a center lug h J ; ? 
and negative terminal lug is 0.75 in. Whatever your requirements in electrical 
away from positive one. Two insulated enclosures KIRK & BLUM is equipped to 
prea a oe on orf fabricate them to your most exacting 
either side of positive contacts.—/nter- ° ° dai - i 
national Rectifier Corp., 6809 So. Vic- specifications. Whether it's a single unit 
toria Ave., Los Angeles 43, Calif. ... or hundreds .. . KIRK & BLUM has 


Mention No. 364 when filling out card. the organization, experience and facilities 
to do a first class job. 














or ' Pipe-line Shock Absorber 
dmium- ‘ New “Heyden” pipe-line shock ab- Sheet metal units fabricated by KIRK & i 
ves alt F sorber consists of a rubber cushion, ' . ° : 1 
e fron encased in a spherical-metal chamber, BLUM follow the customer's specifications 
~ which pulsates according to system accurately, down to the last detail. 
w Vo 
moe We specialize in custom-built parts and 
assemblies of Sheet Steel and Light Plate, 
Stainless, Aluminum, Monel, and other 
alloys. 
ith ir 
e i! e . 
Send your prints for prompt quotation to 
pict THE KIRK & BLUM MFG. COMPANY, 
2911 Spring Grove Avenue, Cincinnati 
25, Ohio. 
yi 
n pressure. Three models, of different 





r. | capacities, are available for industrial 
output use. One model has been tested up to KIRK“ Lum 
3600 Ib. continuous duty. Absorbers 
erica, [BE May be installed in any position.- 


1 eet ety hl Germantown MADE TO YOUR EXACT SPECIFICATIONS 





card 
Mention No. 365 when filling out card. 
OS oe ae ee SS @ CONTROL DESKS AND PANELS 
Resistor Assortments eT 

? @ CUBICLES 

ew assortments of 510 to 2025 resis- ys 
we the t to cover the complete RMA range @ TRANSFORMER HOUSINGS AND TANKS het / 
s de- a available in 0.5., 1, and 2-watt  e ELECTRICAL ENCLOSURES the ; / 
t wil : with 5 or 10 percent tolerances. tA P 
th 2.5 & ['« eight types of assortments offered ® VonTnee Surnes WY, if 
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SS 





come in shelved-plastics ca! nets, 
| Ohmite Mfg. Co., 4835-41 Flow oy s; 
Chicago 44, Ili. 


Mention No. 366 when filling ov carq 





AEE. Weather y 
Of particular interest fo all who need Metering Pump 


resistors with inherent low noise level 


New “Electronicauy Control. d yp. 


tering Pump” for remote-contro app] 





controlled . solenoid providing riat 


ege 7 7 ) § rlable 
and good stability in all climates pecs gee og gto ite 





TYPE 65X 


Actual Size 





STANDARD RANGE 
1000 OHMS TO 9 MEGOHMS 


Used extensively in commercial equip- 
ment including radio, telephone, tele- 
} ae sound pictures, television, etc. 

in @ voriety of U. S. Navy 
equipment. 


SS.WHITE, 


THE S. S$. WHITE DENTAL MFG. CO. 





me DEPT. 


FLEXIBLE SHAFTS AND ACCESSORIES 


| time. Additional adjustment of lengt| 


HIGH VALUE RANGE 
10 TO 10,000,000 MEGOHMS | 


This unusual range of high value resistors | 
was developed to meet the needs of scien- 
tific and industrial control, measuring and | 
laboratory equipment—and of high voltage 
applications. 





SEND FOR 

BULLETIN 4906 i a 845 
It gives details of both the SS i) 

Vv j ; 
Standard and High Value tl : of stroke is available to a maximun 
a i ens I e| output of 0.8 cu. in. per stroke. Me. 
dimensions, etc. Copy with Pea | chanical sealing arrangement is sa 
Price List mailed on re- - | to eliminate stuffing-box adjustment; 


— | and periodic maintenance. Electron 
timer is said to be built to run con 
tinuously for years with no replace 
ments. Overall sizes: timer approx 


9.75x4x5 in. high, pump 6.5x 4.5) 
INDUSTRIAL 2.62 deep.—Eastern Industries Ini 
DIVISION ; KF ’ I . C 


296 Elm St., New Haven 6, Conn. 


10 EAST 40th ST., NEW YORK 16, N. Y. ae 
Mention No. 367 when filling out card 


MOLDED PLASTICS PRODUCTS—MOLDED RESISTORS 


One of Americas AAAA Industrial Enterprises High-vacuum 


“ELECTRONICALLY REGULATED 


LABORATORY 
POWER SUPPLIES 





BENCH 
MODEL 25 


stase © INPUT: 105 to 125 VAC, 


° 50-60 cy 

cz © OUTPUT +1: 200 to 325 
Volts DC at 100 ma 

° regulated 


e OUTPUT +2: 6.3 Volts 
AC CT at 3A unregu- 


lated 
wiorn 147 @ RIPPLE OUTPUT: Less 
| DEPTH 6” than 10 millivolts rms 


‘HEIGHT 8” é 
WT: 17 LBS. For complete information write 
for Bulletin N 


remap : at) 


Page 272—Jnstruments—-Vol. 25 


Diffusion Pump 
New “MCF-60” diffusion pump pr 
vides a speed of 60 liters per second i: 
the range 0.01 to 1 micron Hg, and ar 





onty $215*ror 
«, THE GREEN 

ENGRAVER 
... yet it’s fast, versatile 
and rugged enough 
for die steel 











embodies a 3-stage concentric-cylind 
type of fractionating jet assembly fitte 


forepressure of 0.2 mm. or more 
depending on heater input. Water 
cooled casing is provided with an ex 


easily be removed for cleaning a: 
there are no fixed compartments 

boiler.—Distillation Products Indus 
tries, Rochester 3, N. Y. 


Mention No. 368 when filling out card 







The Green En- 
graver offers 
great speed and 
convenience. Quickly 
cuts up to four lines 
of letters from 3/64” to 1” on curved 
or flat surfaces whether made of metal, 
plastics or wood . . . operates by mere- 
ly tracing master copy — anyone can 
do an expert job. Special attachments 
and engineering service available for 
production work. Just the thing for 
radio, electronic apparatus and instru- 
ment manufacturers. 

For quality engraving on 
@ Molds @ Panels @ Scales @ Dials 

@ Lenses @lnstruments 
@ Name Plates 

. also does routing, profiling and 
three dimensional modeling. 
*Price does not include master type 
and special work holding fixtures. 


GREEN INSTRUMENT CO. 


GREEN aoe 


Enclosed Instrument Panels 


wired and ready for connecting powé 
and TC leads to terminals in pane 





cations is operated by an electr« jjically. 


ultimate vacuum of 0.0005 micron. It 


into an enlarged boiler. When Octoil is 
used, vapor jets will operate against : 


ternal heating unit. Jet assembly car 


New enclosed panels, complete wit! 
pilot light and push-button station, ar 
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le in two sizes: 19 by 15 by 7 
d 21 by 21 by 9 in., panels are 
f 16-gage steel finished in black- 
enamel.—Claud S. Gordon Co., 
Wallace St., Chicago 16, Il. 

in No. 369 when filling out card. 
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Photoelectric Pickup 


N photoelectric pickup, designed 
for industrial service where space is at 
a premium, has dimensious of 6 by 3.5 

"5 in. It is housed in a cast-alumi- 


by | ; : 2 . 
num case and is made in a variety of 





806 


models to suit special installations. 
Since amplifier tube is in same housing 
as phototube, no coaxial or shielded 
cable is necessary.—Ess Instrument 
Co., 96 S. Washington Ave., Bergen- 
field, N. J. 


Mention No. 370 when filling out card. 


Feed Section for 
Fractionating Column 


New redesigned “Glenlab” feed sec- 
tions for laboratory fractionating col- 


imns have additional temperature- 
measuring facilities. A well accommo- 
dates a 3-in. immersion thermometer 


or thermocouple directly in rising vapor 
stream; a second thermocouple well is 





ted in the input-connector projec- 
and positicned for intimate con- 
with the fluid even at minimal 
rates. Other features of new feed 
ms for 1-in. and 2-in. columns are 
mal-insulating jackets (as_ illus- 
ted) with high vacuum pumped at 
temperatures; an observation win- 
in jacket silvering for measure- 
of liquid return; temperature- 
ensating bellows to permit opera- 














RAPIDLY, ACCURATELY TEST 
SF, AIRCRAFT FUEL NOZZLES 


By providing more accurate and more efficient testing of nozzles, 
the Type 12 Stand permits reduction of testing and manufacturing costs. 


l-> 


Concurrent measurement of 
flow-rate and spray pattern re- 
duces test time. Spray angle 
and density can be observed 
directly. 


Sensitive and rapid tempera- 
ture and pressure control avoids 
delays in setting and re-runs 
due to fluctuation or drift. 


More precise flow measurement 
by fundamental direct weigh- 
ing method reduces per cent 
of flow tolerance which must 
be allotted to test error. 





TYPE 12 NOZZLE TEST STAND 


Flow is measured by the Direct Weighing Method used in Cox 
Flowmeter Calibrating Stands wherein time and weight are automatic. 
Direct Weighing is precise and universal because it is fundamental. 
It thus is ideal for accuracy with a wide range of fuels and temperatures. 


Let the TYPE 12 NOZZLE TEST STAND reduce testing and manu- 


facturing costs in your plant. 


A + PT a KA_4 
Write F Cc 4 


COMMERCIAL RESEARCH LABORATORIES, DETROIT 3, MICHIGAN 


1912 





Makers of [COX INSTRUMENTS? Since 
WEEE! Oe" 5 








160-, G) METER 


The 160-A Q-Meter is unexcelled for laboratory and 
development applications, having received world wide 
recognition as the outstanding instrument for measuring 
Q, inductance, and capacitance at radio frequencies. 
Frequency Range: 50 ke. to 75 me. (8 ranges) 
QMeasurement Range: 20to 250 (20te 625 with multiplier) 
Range of Main Q Capacitor: 30-450 mmf. 

Range of Vernier Q Capacitor: +3 mmf., zero, —3 mmf. 






For further specifications and descriptive 
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RELAYS aad TIME SWITCHES 





of Diamond 






Open Type 
"Can" Type 
With Plug-in 

Tube Base 
A. C. of D.C. 
Midget Relays 
Dual Purpose 
Relays 
Delayed 
“Make” or “Breck” 
Automatic 
Circuit Control 
“Current” and 
“Potential” Relays 


























‘Automatic Lec 


ac 


Ruggedly constructed to exacting 
specifications that are carefully en- 
gineered to provide ample safety fac- 
tor... quality all the way through! 

Automatic’s relays are not built to 
a price but to an unexcelled standard 
of performance. That’s why they are 
the choice of so many “big name”’ 
manufacturers. 

We engineer and build a wide vari- 
ety of stock model relays for practi- 
cally all applications. A staff of com- 
petent engineers will design and build 
relays to fit your requirements. 

Stock models or custom built, ev- 
ery relay we manufacture will deliver 
the same dependable performance 
that has made the ‘“‘Diamond Seal” 
line the choice of those who measure 
quality by performance. 


TIME SWITCHES — Equipped with 
Synchronous Self-Starting Motors 
and Silver Contacts. . 


For any load, for every installation, 
look to Automatic for the finest in 
Time Switches and Interval Timers. 


WRITE FOR CATALOG 








Type R 





FIELD VACUUM THERMOCOUPLES 


©@ TYPE F, contact type, and TYPE FI, 
with insulated heater, available in 
ranges of 1.2 milliamperes and over. 

® TYPE M, contact type, 25 MV output, 
constructed in ranges of 100 milli- 
amperes and over. 

@ TYPE U, with insulated heater, for 
measurements at ultra-high frequen- 
cies, made in ranges of 3 milliamperes 
and over.. Streamlined to make con- 
venient use in coaxial cables or fittings 
possible. 


TYPE R, for radiant energy measure- 
ments. 


Write Department TH for latest 
informative bulletins. 


FIELD ELECTRICAL 
INSTRUMENT COMPANY 


109 E. 184 St. © NEW YORK 53, N. Y. 
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58 STATE STREET - MANKATO, MINN. 


CLEANING’ 


Don't tear down 
your instruments! 


The ENG-SOL Method 
of Precision Parts clean- 
ing now makes it possi- 
ble to whisk away finger- 
prints, oil, grease, dirt, 
lapping compounds, ab- 


rasives, lint, or other 
contamination. 


Our bulletin ''Precision 
Cleaning" describes this 
new high-velocity com- 
pressed air method of 
cleaning. 


Send for it—today. 


PASSAIC ANALYTICAL 
LABORATORIES, Inc. 


228 Aycrigg Ave. Passaic, N. J. 





vality 









aie MFG. CO. 






tion up to 500 F. and of intern |~ 
volution design to minimize poss. |} 
of mechanical damage.—Glass 
neering Labs., 609 O'Neill 
Belmont, Calif. 


Mention No. 371 when filling out card. 


On- 





Proportional-counte 
Converter 


New “Model PCC-10 Propo ional 
Counter Converter” converts any stand. 
ard scaler, with a suitable high- ltage 
supply, to a proportional counter, }; 
consists of a counting chamber, ampli. 
fier, pulse height selector, high-y ltage 
connector, leakproof bubbler, and low. 
voltage plug and cable. Counting cham. 
ber’s unique design permits counting of 
such sample types as evaporated salts 
precipitates, compressed pellets, and 
ashed samples. All samples are counted 
with 27 geometry. Decontamination 





requires only ten minutes for complete 
takedown, cleaning, and _ reassembly. 
Performance feature is unusual effec- 
tiveness for counting soft betas: coun- 
ter is windowless and no absorption 
of energy loss occurs, even the lowest 
energy rays are counted with full effi- 
ciency. This feature permits short half- 
life isotopes to be followed for about 
6 half-lives further than with GM 
tubes. New instrument will at on 
time count alphas in presence of betas 
and then, by raising voltage, count 
betas in presence of the alphas. Alpha 
plateau extends from 1000 to 1300 v 
and beta plateau extends from 1600 
to 1900 v.; tilt of either is less than 

percent per 100 v. average, wit! 
best 100 v. having a tilt of less thar 
0.5 percent. Power requirements: 30) 
vde. at 20 ma.; regulated 150 vdce. at 
6 ma.; 6.3 vee. at 1.4 amp.; regulated 
high-voltage supvly variable from 800 \ 
to 2000 v.—Nuclear Measurements 
Corp., 3339 Ceniral Ave., Indianapolis, 
5, Ind. 


Mention No. 372 when filling out card. 


Miniature Batteries 


New “RM-1” mercury battery 1s 
0.625 in. dia., 0.644 in. high, weighs 
0.39 oz. and has a capacity of 1000 
ma. hours. Complete line now includes 
batteries with capacities from 1000 to 
3600 ma. hours, individual cells rang- 
ing from 300 to 3200 ma. hours and 
stack assemblies in a wide variety of! 
sizes and capacities.—Battery Div. 
P. R. Mallory & Co., Inc., North Tarry- 
town, N. Y. 

Mention No. 373 when filling out card. 
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Radivactivity Demonstrator 


Nev “Model 1613” demonstrator con- 
basic counting instrument 
vives a visible neon-tube flash 

audible click indicating each 
Vjisintegration. Milliameter shows 
of radioactivity. Twenty-eight 





rage manual explains graphically how 
to use accessories which are included 
in complete setup: two sources of radio- 
ictivity; a set of lead, aluminum and 
‘paper absorbers; and a_ calibrated 
mounting device for fixing positions of 
© accessories.—Nuclear Instrument and 
fm Chemical Corp., 223 W. Erie St., Chi- 
cago 10, Ill. 
Mention No. 374 when filling out card. 





Radioactivity Scaler 


New “RCL Scaler” uses Higinbotham 
scale-of-two circuit for scaling up to 
54, 128, 256, or 512 before counting on 
register. Voltage-supply range is 500- 
2000 v., regulated to give less than 0.1 








percent change for 10 percent line-volt- 








age variation. Sensitivity is variable 
from 0.25 to 5 v., and resolving time is 
ess than 5 microseconds. Electric timer 
s built in——Radiation Counter Labs., 
Ine., 1844 W. 21st St., Chicago 8 Il. 


Mention No. 375 when filling out card. 





AD CORRECTION 
our Dec. 1949 issue, page 1131, the 
treet number in the address of the Weller 
Mfg. Co. ad appeared upside down It 
should read: 800 Packer St., Easton, Pa 


| 
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Operation and Care 
of Circular-scale 
Instruments 


By JAMES SPENCER, for twenty years in charge of 
Instrument and Relay Department, Meter Division 
Westinghouse Electric Corporation 


CONTENTS 
EDITOR'S FOREWORD CHAPTER IV—ELECTRODYNAMIC TYPE 
INSTRUMENTS 

AUTHOR’S PREFACE WATTMETERS, 39—Construction, %39—The 
KF-24 Wattmeter, 39--The AB-12 Wattmeters 

CHAPTER I—ESSENTIAL TOOLS 48—Connections, 49—Principle of Operating. 
49—Inspection and Calibration, 51—Single- 

CHAPTER II—D-C. INSTRUMENTS phase Wattmeter, 52—Poly-phase Wattmeter, 


53—Maintenance, 53. 
Dismounting and Reassembling, 5—KX-124 FREQUENCY METERS, 56—Construction, 56 


Instruments, 5—DB-12 Instruments, 11—Test The KF-24 Instrument, 56—The AB-12 In- 
and Inspection, 12—Principles of Operation, strument, 60—Principles of Operation, 61 
19—Maintenance, 20—Connections, 22. Test and Inspection, 63—-Maintenance, 66. 


TROUBLE CHART FOR D-C. INSTRUMENTS CHAPTER V—POWER FACTOR METERS 
AND SYNCHROSCOPES 


CHAPTER III—A-C. AMMETERS AND POWER FACTOR METERS, 67—Genera! De- 
VOLTMETERS scription, 67—Dismounting and Reassembling 
Principles of Operation, 24—Construction, 25 69 Inspection and Calibration, 74—~Mainte- 
Dismantling KA-24 Instrument, 28—Re- nance, 77. 
assembling, 33—Dismantling DB-12_ Instru- SYNCHROSCOPES, 81—Description, 8&!—In 
ment, 34—Test and Inspection, 35—TInternal spection an¢ Test, 83—Maintenance, 85 
and External Connections, 36-—Maintenance, 
36 TROUBLE CHART FOR A-C. INSTRUMENTS 


Cloth, 5 x 8 inches, 90 pages. Profusely illustrated with circuit diagrams, 
schematic diagrams, and photographs. 


$1.50 POSTPAID 


Payment must accompany order 


THE INSTRUMENTS PUBLISHING COMPANY, INC. 


921 Ridge Avenue, Pittsburgh 12, Penna 
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Changing temperatures or pressures 


instantly and accurately measured 


by Taylor TRANSAIRE’ Transmitters 


y 
‘ al ‘ T 
PRESSURE: 
New Taylor TRANSAIRE Pressure Transmitter 
with narrow range spans lets you measure and 
transmit minute pressure changes up to 1000 feet. 


Works on simple force-balance principle. Accurate to 
14% of the selected short range span (conventional de- 


vices are only accurate up to} 5°; of upper range limit). 
Sensitive to pressure changes of 14" water. Here's 
accuracy and sensitivity never before possible in 
pressure measurement—plus the convenience of 
suppressed ranges at high pressure levels. 


SEVEN IMPORTANT ADVANTAGES: 
1. Range spans of 20 and 40 psi available through- 
out range limits of 35 to 415 psia. 
2. Volumetric type pressure system is extremely ac- 
curate, practically clog-proof, has corrosion-resistant 
316 stainless steel diaphragm. 
3. Temperature and barometric compensation for 
higher accuracy of measurement and control. 
4. Perfect for many jobs, especially thin fractionat- 
ing columns. 
5. No individual calibration of receivers or control- 
ler—-thanks to standardized 3 to 15 psi output air 
pressure. 
6. Simple screwdriver adjustment for shifting the 
operating ranges. 
7. Interchangeable manifold assemblies make 20 
and 10 psi range spans optional. 
*Tra Mark 


TAYLOR 
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TEMPERATURE: 


New Taylor TRANSAIRE Temperature Transmit- 
ter with Speed-Act* lets you measure and transmit 
smallest temperature changes up to 1000 feet wit! 
instant accuracy! The only temperature transmitter 
that gives you: 


1. DYNAMIC ACCURACY—which means the ac- 
curacy of an instrument in measuring changing or 
dynamic conditions. Transaire Dynamic Accuracy is 
unparalleled. Solves the problem of process engi- 
neers who realize that an instrument accurate to 
fraction of a degree in measuring static condition: 
can be in error by many degrees when temperatur: 
is changing. 


2. DYNAMIC COMPENSATION-— which means abi- 
ity to compensate for inherent lags both in measur- 
ing system and rate of heat transfer of process med- 
ium. ‘Transaire does this by introducing derivativ 
action (Speed-Act) into the measuring circuit. Th 
result is Dynamic Accuracy, with a speed of respons 
seldom thought possible which permits much closer 
automatic temperature control. 
v v v 


For complete details, write for Bulletin 98140 
on TRANSAIRE Temperature Transmitter, and 
Bulletin 98099 for TRANSAIRE Pressure Trans- 
mitter. Ask your Taylor Field Engineer! Taylor 
Instrument Companies, Rochester, N.  Y., and 
Toronto, Canada. 


INSTRUMENTS MEAN ACCURACY FIRST 
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Mr. Hugh E. Ferguson, 

National Treasurer, 

The Instrument Society of America 
921 Ridge Avenue 

Pittsburgh 12, Pa. 

Dear Sir: 

I have examined the books, records 
and accounts of the Society for the 
calendar year 1949, compared the rec- 
ords of eash received and disbursed 
with the statements of its depositories, 
reconciled the balances therein with the 
amounts shown in the statements sub- 
mitted herewith and without making a 
detailed audit have examined or tested 
the transactions to the extent deemed 
appropriate in the circumstances. 

A statement of condition, and operat- 
ing results are presented in exhibits 
designated as follows: 

Statement of Condition, 
31, 1948 

Summary Statement of Income and 
Expenses for Calendar years 1949 and 
1948, 

Statement of Income, in detail for 
Calendar year 1949 and 1948. 

Statement of Expense, in detail for 
calendar years 1949 and 1948. 

Statement of Membership Receipts 
and Refunds for Calendar year 1949. 

In all detailed Statements the account 
number precedes the account title. 

These statements reflect actual 
cash receipts and disbursements during 
the period under examination. Your 
attention is directed to the report which 
follows, together with comments 
thereon. 


December 


Respectfully submitted, 
J. A. HOLLINGSWORTH 
Certified Public Accountant 


STATEMENT OF CONDITION 


The cash was on deposit in the banks 
listed in this statement. The aggregate 
cash balance was $34,995.31 at Decem- 
ber 31, 1949. Recorded receipts were 
traced to the several depositories. Dis- 
bursements were supported by checks 
signed by the proper officers. The 
cancelled checks were inspected during 
the course of this examination. 

lt was noted that a number of small 
expenditures were made for the account 

he Society by Mr. Richard Rimbach 
personally, he later being reimbursed 
y the Society. The Executive Commit- 
might give consideration to estab- 
ng an appropriate “Petty Cash 
i” for the purpose of meeting on- 
pot payments of an approved na- 


e Society purchased $10,000.00 Par 
e U. S. Treasury Bonds, Series G. 
onds are dated September 1, 1949, 
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are registered in the name of the So- 
ciety and bear interest at rate of 24% 
payable in semiannual installments. 


The statement shows prepayments 
and receivables of $853.00. This is 
composed of $30.00 in returned or 


“N.S. F.” checks and $823.00 for Janu- 
ary 1950 salaries for which checks had 
been prepared and recorded. 

Because of the need of forwarding 
checks to the Treasurer for signature 
it has become the practice to prepare 
and record salary checks in advance of 
the pay periods. The Executive Com- 
mittee might consider the establishing 
of a payroll account at a selected bank, 
depositing therein a sufficient working 
sum for the purpose of meeting weekly 
payroll requirements subject to check 
on one signature; funds drawn from 
this account to be replaced by regular 
Society checks supported by approved 
payrolls. 

The recorded liabilities of the Society 
were with held income taxes from em- 
ployees of $379.90 payable to the Col- 
lector of Internal Revenue. 


ISA: FINANCIAL STATEMENTS FOR FISCAL YEAR 1949 


The surplus at December 31, 1949 
amounted to $45,468.41. This however 
is subject to reduction in the amount 
of $1,182.50, being membership refunds 
on dues received in 1949. The refunds 
were made in January 1950. 

The Surplus is $16,549.36 greater 
than at December 31, 1948. The in- 
crease is the result of financial activi- 
ties of the Society during 1949 as re- 
flected in Statement of Income and Ex- 
penses submitted herewith. 

Your attention is invited to the state- 
ment of Membership Receipts and Re- 
funds. It is noted that the practice of 
receiving and refunding of dues is not 
uniform. Some Sections pay gross dues 
to the Society and receive refunds of 
one-half while others remit only that 
portion of the dues to be retained by 
the Society. Because of this procedure 
the statement reflects variances be- 
tween the ratios or receipts and re- 
funds among Sections. It is recom- 
mended that a uniform procedure be 
established. 


\SSETS 


Statement of Conditior 
Cush in banks 
Live Stock National Bank, Chicago 
Bank of Nova Scotia 
West End Bank, Pittsburgh 
Farmers Deposit National Bank, Pittsburgh 


Investments 


. S. Treasury Bonds Series G 
Prepayments and Receivables 
TOTAL ASSETS 
LIAPILITIES 
Employees Withheld Taxes 
Surplus 
Total Liabilities and Surp 
*Overdrawn 
Summary Stateme s of Income 
INCOME (See Exhibit I attached 


200 Memberships 
400 
600 
1000 


Registration 

Exhibits 

Admipistratior 

INCOM} 

Exhibit IT attached 


Membershps 


TOTAL 
EXPENSE 
100 


(See 


300 Meetings and Conferences 
500 Exhibits 
700 National Headquarter 
900 Administration 

TOTAL EXPENS!# 
EXCESS OF INCOM} 


MEMRFRSHIP 
200 Charter fees 


201 Membership dues (See Exhibit TIT att i 
204 Services to members 
2°07 Buttons, banners, etc 
220 Binders and Recommended Practice 
Totals 
R'GISTRATION 
400 Registration fees 
401 Contributions toward meeting expense 
408 Sale of Trans. to Non-Members 
4°09 Sale of Teel Preprints 








December 31, 1949 
¥ 207.14 
L.631.55 
1,300.57 
4.457.19 
$ 34,995.31 
10,000.00 
853.00 
$ 45,848.31 
AN SURPLUS 
$ 379.96 
$5,468.41 
$ 45.R848.31 
ind Expe Years Ind ted 
1949 
S $ 5,619.17 
6,145.47 
15,953.04 
1,063.20 
$ 89,413.1 $ QR,TRORR 
* 96.011.14 $ 27.870 
11,806.58 9.703.386 
474.97 18,374.84 
10,537.01 21.370.2¢ 
6.26 ) 5,292.41 
$ 77,092.85 $ 82,611.42 
= ] 01) Om $ 16,169.46 
Oo x Yea ated 
1942 1949 
. 10 .0f RO 
8.127.7 4.897 
517.27 195.3¢ 
H60 ) 327.3) 
119 
$ ’,355.52 $ 35,619.17 
¥ 1.090.0¢ < 1.0 
11.94 
l 7 1.4 7 
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445 

449 Sale of Plant Trip Tickets 

450 Registration fees, Sectional 
Totals 

EXHIBIT 

605 Exhibit Space 

612 Registration Record 

695 Film Slide Space 

699 Miscellaneous 
Totals 

ADMINISTRATION 

1003 Instruments Publishing Co 

1099 Miscellaneous : 
Totals 

TOTAL 


Meetings 


INCOME 


Exhibit II, Statement of 


MEMBERSHIP 


100 Refunds to Individuals 

101 Refunds to Sections . . 

102 Maintenance of Membership Records 

103 Membership Promotion, General 

104 Membership Promotion, Specific . 

105 Subscriptions to Instruments Magazine 

106 ISA proceedings or Transactions 

107 Purchase of Insignia hs 

108 Membership Activity Awards : 

120 Recommended Practice Binders 
TOTALS 

MEETINGS AND CONFERENCES 

300 Promotional Matters and Notices 

301 Registration Material & Costs 

302 Program Preparation and Printing 

303 Program Mailing ; 

304 Rental of Meeting Hall 

305 Meeting Accessories 

306 Meeting Recording Cost 

309 Preparation of Preprints 

345 Refunds on unused Tickets 

346 Expenses of Committee in Charge 

347 Travel Allowance for Speakers 

348 Catering & Entertainment 

349 Cost of Plant Trips : ; 

350 Printing & Mailing Promotionals 
Totals 

EXHIBITS 

500 Preparation of Promotional Materials 

501 Mailing & Distribution of Promotionals 

502 Public Relations and Advertising 

504 Directions & Bulletins to Exhibitors 

506 Rental of Exhibit Space : 

506 Services Related to Exhibit Space 

507 Exhibit Accessories 

508 Exhibit Utility Costs 

$09 Printing & Mailing of Space 

510 Registration Materials 

511 Registration Labor 

512 Registration Record Reproduction 

513 Maintenance Clinic 

514 Exhibit Committee & Staff Expenses 

515 Executive Office Staff Salaries & Expenses 

516 Directory Design & Printing 

519 Attendance Analysis Surveys 

520 Acknowledgements 

591 Special Attractions 

593 Travel Allowances 

594 Catering, Meals at 

595 Film Slide 

596 Society Promotion Space in Show 

597 Insurance, Protection, etc 

598 Refunds of Space Overpayments 

4599 Miscellaneous 


Contracts 





Speakers 


Exhibit Location 


Totals 


*Self liquidating 
NATIONAL HEADQUARTERS 


701 Office Space Rent 
702 Office Space Facilities 
703 Office Equipment 
704 Stationery & Supplies 


05 Postage, Mailing Express 

06 Telephone & Telegrams 

‘7 Repairs te Office Equipment 
19 Subscriptions to Publications 





710 Business Association Dues & Expenses 
711 Executive Salaries 
712 Non-Executive Salaries 
713 Temporary Labor Costs 
714 Imsurance Premiums 
715 Federal 8S. Taxes 
716 Unemployment Taxes 
71 Fid 
799 Mis ane ® 
Totals 
ADMINISTRATION 
401 Preparation & Printing of Materia 


103 Editorial Work for Journal 
104 Expense of Editorial Off 
920 Exhibit Expenses of Se 





tary 
Expenses of Secretary 


Committe 


921 Administratic 
40 } xpenses of Executive 
940 Direc 
451 Expenses of Em 


Soard of tors Expenses 


ployment Committee 


253 Expenses of Recommended Practices 
154 Expenses of S. & M. Committee 

160 Expenses of President's Office 

950 Expenses of Treasurer's Office 

981 Sundry 


g Expenses 
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Sale of Lunch & Dinner Tickets ........ 





hehe 3,657.40 4,164.86 
11.00 

36.66 
$ 6,307.78 $ 6,145.47 

.$ 52,838.14 


$ 


Expense for Years 


‘ 


.$ 52,838.14 


911.69 


Indicated 


1948 


14,366.25 





2,548.5 


1 


600.00 


22,474.97 





100.00 


6,263.15 


77,092.85 


$ 55,871.20 
10.00 
50.00 
21.84 


$ 55,953.04 








$ 1,058.00 
5.20 
$ 1,063.20 
$ 98,780.88 








00 

.20 

93.25 
‘ 


7.50 


2,701.09 
204.79 


$ 9,703.36 


441.19 
368.32 


73.71 
3,999.72 


3,605.49 
36.94 
519.13 
,818.40 
189.00 
330.00 


590.00* 


676.49 

75 

$ 18,374.84 
* 3280.00 
4.34 


966.75 
905.85 
250.88 
748.91 
44.05 
32.00 
100.00 
3,600.00 
843.72 
15.00 
9.75 
73.83 
350.91 
25.00 
19.27 


# 21,370.26 


o— 


4 


a 79.80 
735.88 
189.00 

8,732.73 


300.00 
$ 5,292.41 
$ 82,611.42 





Exhibit III. Statement of Membershi; 2. 
and Refunds for Calendar Year 49 °° 


SECTION RECEIPTS FUNps* 
Dm jews + 00 Ke $ 279.00 $ 
Sere . 255.00 5 
Albuquerque ..... 385.00 
>. SS 340.00 49 
Atlanta 130.00 77 
Baltimore ....... 707.00 a 
) Ree 640.00 14 
California ....... 1,547.00 Fy 
Central Illinois 322.00 
Central Indiana 499.00 239 
Charleston ....... 720.00 } 
ee a eee eee 2,564.00 294) 
China Lake ...... 764.00 333 5 
Cincinnati 680.00 340 00 
Cleveland ....... 1,234.00 59 
Columbus 280.00 140 
Cumberiand ...... 145.00 675 
Detroit : 726.00 298 0 
Eastern New York . 572.00 279 5 
Gulf Coast 362.00 181.0 
NI at «oips 45's 1,085.00 565 
Kansas City 462.00 21) 
Louisville ........ 379.00 2105 
Montreal 280.00 Q5 ( 
New Jersey ..... 2,320.00 170.0 
New Orleans 20.00 l 
Ae. Ee 2,107.00 1 
Niagara Frontier 733.50 8 
North Texas .... 311.50 ) 
Northern 
California 455.00 
Northern 
Indiana 140.00 
Oak Ridge ....... 680.00 4 
SRA ee 355.00 182 
Philadelphia 3,392.00 64 
Pittsburgh ..... 1,814.00 07 
Presque Isle 180.00 7 
Richland : 738.50 17 
Rochester ....... 690.00 
BE, LORI cuceecac 1,301.00 98 
Fe re 449.00 8 
South Bend ...... 55.00 30 
South Michigan ... 259.00 124 
South Texas ...... 430.00 197.5 
Tennessee ..... 345.00 182 
TOM cesecsccese 787.00 392 5 
Twin Cities ...... 810.00 155 
Washington ...... 875.00 470 
Wayne County .... 452.00 185 
Wilmington ...... 92.50 
Pittsburgh 
Inspection List. . 55.00 
Unidentified ot 193.00 
Totals $ 34,897.00 $ 15.778 


* Where the refund is less than half the amou 
received, these Sections collected dues 
warded only half the dues to the National Off 
Refunds for dues collected in December 1945 
are included in these figures. Refunds for 
collected in December 1949 are not included 


and for 





ISA 
EMPLOYMENT SERVICE 


Forward your letter to INSTRUMEN! 
SOCIETY OF AMERICA, 921 Ridge 
Ave., Pittsburgh 12, Pa. 


ELECTRONIC ENGINEER. Graduate with five 
years practical experience with Audio-Frequenc; 
design for permanent employment as Quality 
Control Engineer. Age limit 29 to 35. Salary 
$6000 per year range. Location Chicago. Bos 
281. 








. . . 
INSTRUMENT ENGINEERS (4) Select proper 
process control instruments for maintaining 
proper conditions of temperature, pressure 
flow, etc. Write specifications for obtaining bids 
analyze bids, and select proper suppliers. Lay 
eut arrangement of instruments. Require 
knowledge of chemical process instruments an¢ 
operations. Wide knowledge of type and makes 
ef instruments and instrument eontrol theor’ 
and application. B. S. Chemistry, Chemica 
Engineer or Mechanical Engineer desirable bu! 
not mandatory. Write giving complete resume 
of education and experience, when available 
and salary expected. Pittsburgh area. Box 282 

. . . 


INSTRUMENT DRAFTSMEN (2) Minimum of 


three years experience on instrament panels 
instrument piping and wiring diagrams per 
taining to chemical process plants. Pittsburgh 
area. Box 283. 


. . . 

GINEER by midwest regulat 
ing valve manufacturer. Must be competen' 
designer in valve and control instrument field 
with application knowledge. $6500 with bonu 
for outstanding performance. Location Chi 
cago. Box 284. 





ASS’T CHIEF E} 











1950 
ISA OFFICERS AND COMMITTEE MEMBERS 


PiGoTT ‘ 3ECKMAN GILDERSLEEVE PORTER Hart 


a 


President First Vice-President Vice-President Vice-Preside Vice-President Treasurer 


. Supervising 
Constitution Tech, sperviE ne Supervising Supervising 
and Rules echnical JIVISION embership Relations Operating Divisior 


and Procedures Divisior 


RIMBACH b CATLIN ; FORTNEY 


8 and for : ¥ ; . 

. ar I : Exec utive In trumentation Instrumentation anc Recommended Special Committee 
onal Of Secretary for Production for lrransportation Practices for Abstracting 
mber 1948 3 Processes Service 
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Instrument Repairman 
Trade Apprentice Training Program” 


By J. H. CUTHBERT?+ 


PPRENTICE Training Programs 

have a place in the early history 

of steel making. Some forty-six 
years ago the South Works of Carnegie- 
Illinois Steel Corporation, then called 
the Illinois Steel Company, recognized 
the value and necessity of having an 
Apprentice Training Program and in 
1903 the first Trade Apprentice Pro- 
gram was inaugurated. This was strict- 
ly an electrical course specializing in 
armature winding. During the early 
20’s the teaching of theory in the class- 
room was started with the apprentice 
spending about one-half day a week in 
the basement of the shop with an elec- 
trical instructor. 

During the year of 1903 to 1935 the 
Training Programs were changed and 
improved, and additional trades and 
crafts were embraced. Following the 
merger of the Illinois Steel Company 
and the Carnegie Steel Company in 
1935, training Bureaus were estab- 
lished to handle the details and prob- 
lems of apprentice training. Regularly 
scheduled related instruction classes 
consisting of trade theory, mathematics 
and blueprint reading were included in 
the training. These classes were taught 
by instructors who were furnished by 
the plant and who had both a technical 
and practical background, and a con- 
centrated effort was made to develop 
young men out of high school into 
skilled craftsmen. 

During the past decade the magni- 
tude of plant instrumentation was rec- 
ognized by those in charge of training, 
and to cope with this fast developing 
specialized craft, the position of in- 
strument repairman was included in 
the list of trade and craft positions, 
and, accordingly, a full-scale appren- 
tice training program for this trade 
established. The instrument repairman 
in a modern steel mill is the jeweler 
of industrial craftsmen. The tools of 
his trade are precision instruments for 
testing equipment. He must be familiar 
with the functioning of various types 
of mete rs, gauges, timing devices, con 
trols and pyrometric equipment. He 
must be able to analyze all types of 
instruments, drawings and wiring dia- 
grams, and be able to dismantle, clean, 


inspect, repair and calibrate any of 
this equipment. He must be a skilled 
trouble shooter and have a thorough 


knowledge of the application and oper- 
ation of instruments and controls. 


The purpose of the training program is 
to develop and maintain in the plants of 
the corporation a complement of skilled 
instrument men adequate to maintain 
its facilities and equipment at a high 
degree of efficiency. To accomplish this 
purpose the trade ‘education of a young 
man in apprenticeship is based on the 
following four objectives. 


and 
inderstood as 


advanced in 
individual ex 
not those of the 


Note Statements opinions 


papers are to be 





authors 





Socie 


*Presented at the Fourth Annual Conference of 
the Instrument Society of America, Sept. 12-16 
1949, St. Louis, Mo 

*Carnegie-Ilinois Steel Corp South Chicago 
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1. To develop skill in performing the 
duties of his trade. 

2. To advance his technical knowledge 
in subjects related to the trade. 

3. To impart an understanding of the 
problems of industrial management 
and the place of industry in the com- 
munity. 

4. To encourage continuing self-educa- 
tion and ambition toward advance- 
ment in the organization. 


The number of apprentices in train- 
ing in each plant is governed by the 
normal complement of the department, 
modified by such factors as labor turn- 
over and apprentice turnover, antic- 
ipated terminations due to age, and the 
expansion or curtailment of the shop’s 
activities. 

All applicants for apprenticeship 
must be at least eighteen years of age. 
No maximum age limit is established. 
However, if an applicant is 25 years of 
age or over, each case is considered on 
an individual basis to insure that the 
applicant’s financial obligations and re- 
sponsibilities will permit him to live 
within the apprentice rate structure, 
and that the applicant is capable of 
learning all phases of the trade within 
the time limits established by the trade. 
Applicants for apprenticeship are also 
given an aptitude test. These tests are 


competitive, and those who show up 
best, everything considered, will be 
chosen. At the present time about 90% 


of our total enrollment are veterans. 

All applicants must be high school 
or vocational school graduates, or the 
equivalent, and the character of each 
appreitice must be such as to insure 
that he is capable of assuming the re- 
sponsibilities of journeyman status. An 
individual selected for apprenticeship 
must undergo a physical examination 
and meet the physical standards 
tablished by the plant physician for the 
particular trade. 

As the introduction of instrument re- 
pairman trade apprentices was a new 
field for the steel industry, it became 
necessary to determine the extent and 
type of material to be used as related 
instruction in the classroom, and in 
view of this a committee of four men 
was appointed some two and a half 
vears ago, consisting of three instru- 
ment department heads and a director 
of training who acted as chairman. 

As the Carnegie-Illinois Steel Cor- 
poration plants in the East and Middle 
West used various types and makes of 
controls and instruments, the commit- 


es- 


tee had a problem in deciding what 
material to use from available pub- 
lished books, what manufacturers’ ma- 


terial was available, how the material 
was to be used, and how much of the 
material would be sufficient to give 
the apprentice enough basic facts and 
information so he would gain enough 
knowledge to become adept in all phases 
of instrument work. This related class- 
room instruction had to be set up to 
cover all the types of instruments and 
controls and still be flexible enough so 
that any individual plant not using a 
certain type of instrument or control 


could pass over part of the inst» uctio; 
and consider only the type of equip. 


ment pertinent to its own plant ope 
ations. 

The committee has devoted -half 
day a week for the past two and on 
half years to organizing and writing 


a course in trade theory and carrying 
out this training program. The cours 
is broken down into four parts: 

Part One covers the subject of py. 
rometry, including: 

(a) Temperature Versus Heat 

(b) The Thermocouple 

(c) The Millivoltmeter 

(d) Potentiometers 

(e) Optical Pyrometers 

(f) Radiation Pyrometers 

(zg) Resistance Thermometers 

(h) Transition Points and Therma 
Analysis 

Part Two relates to flow and pres. 
sure measurement—including: 

(a) Temperature, by glass thermom- 
eters, bulb type thermometers, 
mercury, gas filled and vapor. 
tension Systems, bimetallic strips 
Pressure and vacuum; covering 
Bourdon tube principles, helix 
principles, diaphram principle, 
oil seal systems and the theor 
and application of each. 

All methods of 

(c) flow measurement 

(d) liquid level 

Part Three is concerned 
matic control including: 
(a) Electrical 
(b) Hydraulic 
(c) Pneumatic 
(d) Mechanical 

Part Four relates to electrical met 
and instruments, divided into five parts 
as follows: 


(b) 


with aut 


(a) A.C. & D.C. Indicating Instruments 
(b) A.C. & D.C. Graphic or Recording 
Instruments 


(c) A. C. & D.C. Watthour Meters 

(d) Protective Devices or Relaying 
Equipment 

(e) Switchboard Wiring 

After the foregoing course was dé 
veloped, including the reference ma 
terial, each of the subjects was broker 
down into individual lessons, with fou 
to twenty questions set up as an ex 
amination questionnaire. The referenc 
material consists of various books cov- 
ering all of the mentioned subjects 
including manufacturers’ material per 
taining to some specialized line of 
strumentation or control. Sufficient 
copies of this manufacturers’ materia 
have been secured for each apprentice 

The books are purchased by the train- 
ing bureaus in each plant and resold t 
the apprentice at cost. 

The schedule of hours for any ap- 
prentice is based on a forty-hour week, 
four of these hours being spent in 
school work for which he is paid his 
regular rate of pay. The 36 hours 
spent in the field are used to gain prac 
tical knowledge, dexterity, application 


and experience in the installation, 
maintenance, servicing and calibrator 
of all instrumentation and controls, 
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iown as follows: 12 months on 
trie instruments and controls 
which includes 3 months on optical py- 
rometes, three months in the open 
hearths, three months in the mills on 
soaki pit temperature instruments 
Sand controls, reheating furnaces and 
plate emperature instruments, and 
three months in the blast furnace, heat 
ftreating and metallurgical depart- 
ments. The apprentice will spend two 
years in the electrical section learning 
© +> repair, calibrate, install and test 
z A.C. and D.C. watthour meters, graph- 
ie meters, indicating meters, switch- 
hoard wiring, power relaying equip- 
ment and the use of test equipment. 
During this two year period he will 
be given laboratory experience in check- 
ing sub-standards, testing base and 
Noble metal thermocouples, gauges, 
small control units, making parts and 
getting experience with new equipment 
brought in for acceptance tests. 

The fourth year is broken down into 
three parts; three months on natural 
' gas flow meters, three months on steam, 
water and oil flow meters, six months 
on combustion control equipment. 

During the first two years of his 
training period, the classroom instruc- 
tion is confined to basic instruction in- 
cluding “Practical Physics and Mechan- 
’. “Shop Mathematics”, ‘‘Mathemat- 
ies for Electricians and Instrument Re- 
pairman”, “Blue Print Reading and 
Drawing”, “Advanced Blue Print Read- 
ing’, “Making, Shaping and Treating 
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of Steel’, 
“Shop 
Theory”. 

The second two-year period in the 
classroom is confined to advanced re- 
lated instruction as previously outlined. 
It is believed that the student will bet- 
ter understand the complexity of in- 
strument and control details at school 
if he has had some field experience. 

During his four years of training the 
apprentice is rated periodically. One 
rating form is used by his immediate 
supervisor who observes him during his 
thirty-six hours of field work and rates 
him on his safety performance, attend- 
ance, care of company property, work 
quality, work quantity, personality, and 
ability to follow instructions. The class- 
room instructor rates him on his school 
work and observes his accuracy, con- 
duct and industriousness, and grades 
him on the various units of related in- 
struction. 

An apprentice is required to be ap- 
praised “satisfactory” or better by his 
supervisor in the units of the schedule 
of shop practice on which he performed 
work or received instruction. An ap- 
prentice failing to maintain a satis- 
factory performance record during a 
period of apprenticeship remains in 
that period for 520 more hours of train- 
ing, thereby increasing his total length 
of apprenticeship by 520 hours. Dur- 
ing which time he receives specialized 
training in the type of work in which he 
failed. 


“Job Instruction Training”, 
Economics”, and “Trade 


In the final period and in order to be 
graduated from apprenticeship the re- 
quirements are: 


1. The attainment of required grades 
in related instruction subject units 
for the trade. 

2. The appraisal of full skill by shop 
supervisors in all basic factors of 
the Journeyman Classification Ree- 
ord for the trade. 


In graduating the apprentice auto- 
matically becomes a_ starting rate 
Journeyman of the trade or craft, 1040 
working hours later he becomes an in- 
termediate Journeyman, and after com- 
pleting another 1040 hours he becomes 
a top rate Journeyman. 

An apprentice during his course of 
apprenticeship is expected to acquire 
as a minimum the tools necessary to 
maintain or repair equipment he may 
be assigned to work on. The plant will 
provide the apprentice with the privi- 
lege of purchasing these tools, charg- 
ing him only the cost to the plant. 
Upon successful completion of the pre- 
scribed course of training for the trade 
or craft the apprentice receives an en- 
graved and framed certificate of ap- 
prenticeship. 

This and other trade apprenticeships 
are offered by Carnegie-Illinois Steel 
Corporation to assist the individual in 
becoming a well-trained tradesman ca- 
pable of serving the equipment of pro- 
duction. 


Instrument Mechanic Training® 


HE design of an Instrument Train- 
ing Course is guided by only one 
obligation — and that obligation is 
to create a training that will produce a 
graduate capable of performing the 
duties expected of him. Therefore, the 
preparation of such a course should be 
restricted by no academic traditions or 
artificial time schedules. The course 
should be designed to fulfill a specific 
purpose. The course may be short or it 
may be long, depending entirely on 
what is required in a particular field. 
The reasons for setting up any train- 
ing program are two-fold: 


|. For men who need help in getting 
nto new jobs in new fields of op- 
portunity. 
2. For industry which finds a lack of 
trained and experienced technicians 
n an ever expanding field. 


The first area is the one in which I 
have been engaged for the past seven 
years and will be the basis for the sug- 
gestions to follow. 

More often than not, men enrolling 
or vocational training are handicapped 
y «a lack of formal education. For this 
reason, any man is accepted as a stu- 
dent when the Educational Director is 
sat'sfied that he is capable of assimilat- 

iccessfully the training and of us- 
rofitably the knowledge and skills 
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acquired therefrom. In general, any in- 

dividual will be accepted for training 

who has completed at least two years 
of high school. 

Individuals who have not completed 
elementary school will be accepted for 
training only when the Educational Di- 
rector is satisfied that they have, 
through self-study, work experience, or 
otherwise acquired sufficient general ed- 
ucation to permit them to complete sat- 
isfactorily, the training for which they 
have enrolled. 

The training course must be thor- 
oughly practical. The student spends 
a maximum amount of time actually 
servicing and overhauling the type of 
equipment being studied, and acquiring 
the necessary manual and analytical 
skills for performance on the job. 

Of first consideration in the develop- 
ment of a training program is the prep- 
aration of training guides, designed to 
teach the overhaul, repair and calibra- 
tion of instruments. 

These materials must have three out- 
standing characteristics: 

1. They must be flexible enough to be 
used under a wide variety of condi- 
tions, 

2. They must be practical and useable 
for on-the-job reference, as well as 
for training purposes, and 

3. They must be coordinated with man- 
ufacturers’ manuals and_ recom- 
mendations, 

To make any group of training guides 
such a set of conditions is not 


easy. It can be done, however, with 
proper advance planning. 

The first step is to analyze, intelli 
gently, the particular skills and knowl- 
edge that a man must have in order to 
be a competent instrument mechanic. 

The second step is to analyze the vari- 
ous conditions under which the training 
will be given. 

The third step is to design a train 
ing that will provide all essentials, 
under all training conditions. 

The work of an Instrument Mechanic 
is a combination of manual skills 
and technical understanding. The par- 
ticular knowledge required depends 
upon the degree of specialization. A 
man who is to work on pressure instru- 
ments only, must be taught a certain 
group of facts. One who is to work on 
electrical instruments must be taught 
another group of facts, for the most 
part wholly unrelated to those which the 
pressure instrument mechanic must 
know. Or, one who is to specialize on the 
overhaul of only one kind of electrical 
instrument can be given a more limited 
amount of information. 

But, regardless of the degree of spe 
cialization, or of the particular type 
of instrument to be worked on, the me 


chanic must acquire certain funda- 
mental skills that are common to all 
kinds of instrument work. It is true 


that an electrical instrument mechanic 
must possess certain skills not required 
of a pressure instrument mechanic 
However, all must know the use of cer 
tain hand tools, be familiar with the 
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operation of the jewelers’ lathe, bench 
lathe and drill presses, know how to 
repair pivots and bearings, be able to 

solder, to balance delicate parts and as- 
satshilen. and to perform a host of other 
operations common to all types of In- 
strument work. 

In the final analysis, skill training is 
at least 75% of the job of making an 
Instrument Mechanic, whether he is to 
be a specialist or an all-round tech- 
nician. Moreover, most of the skills to 
be taught are common to all types of 
instrument work. 

It is obvious that the conditions under 
which Instrument Mechanics are 
trained in the various industries will 
vary widely. Even the methods em- 
ployed for overhauling instruments dif- 
fer in different industries. 

At one instrument shop it is quite 
likely that the effort will be to train 
all-round instrument mechanics — me- 
chanics who can work on all types of in- 
struments. 

At another instrument shop special- 
ists may be produced by instrument 
class, as for example, mechanical, pres- 
sure, electrical, pyrometric, or flow me- 
chanics. At still another instrument 
shop, specialization may be by instru- 
ment type and individuals taught only 
one particular type or model of instru- 
ment. And again, at another shop spe- 
cialization may be by production line, 
overhaul methods, where one individual 
is taught the disassembly of a specific 
instrument; another, the overhaul and 
repair of a specific part; and a third, 
reassembly and calibration. Obviously, 
the method of training would vary with 
the type of specialization desired in any 
particular instrument shop. 

Moreover, the method of training 
would be dependent on the needs and 
available facilities. At one instrument 
shop, the trainee may be taught as an 
individual by means of on-the-job in- 
struction. In another instrument shop, 
a school may be established wherein in- 
dividuals are taught in groups, in the 
classrooms, and in specially equipped 
training shops. 

The competence of instructors would 
also affect the methods employed. One 
instrument shop may have competent 
and experienced instruction personnel. 
Another may have to rely on instrument 
shop foremen or experienced instrument 
mechanics to guide the trainee. 

Equally important in determining the 
means to be employed in training, are 
the qualifications of the trainees them- 
selves. One instrument shop with a well 
planned personnel selection program 
may select individuals well qualified for 
instrument work, whereas another may 
be training individuals with no_pre- 
vious experience and even with a limit- 
ed amount of education. 

In our 32-week training schedule, the 
particular method of approaching the 
problem which we suggest seems to us 
to be the one most likely to do the job. 

This method was worked out in the 
course of our wartime training pro- 
gram. As the Chicago School of Air- 
craft Instruments we instructed ap- 
proximately 75% of all service person- 
nel trained in the study of aircraft in- 
struments. In cooperation with the 
Armed Services a program of 4th 
echelon study in the overhaul and cali- 
bration of instruments was set up to 
feed air depots all over the world. 

Our 3 year association with the 
Armed Services, under the pressure of 
wartime training, led to a streamlined 
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program devoid of all frills and non- 
essentials. 

We suggest that the training ma- 
terial be divided into series, covering 
the basic instrument classes, as follows: 


1. Pressure Measurement Instruments 
2. Flow Measurement Instruments 
3. Electrical Measurement Instruments 


We suggest this division because the 
most common form of specialization in 
instrument work is by instrument class. 
Further, it is a logical breakdown from 
an instructional point of view. Each 
class has principles of construction and 
operation which are generally common 
to all instruments within the class. 
Further, such specialized skills as must 
be acquired by the mechanic are gen- 
erally applicable to all of the instru- 
ments within a class. 

Moreover, arranging training guides 
into series, by instrument class, does 
not prevent the preparation of these 
guides in such a way as to permit more 
intensive specialization within a class 
if it is desired. 

We should also like to suggest a ser- 
ies of training guides designed to ac- 
quaint the trainee with the tools and 
equipment all instrument mechanics 
must know and use and in so doing 
teach him the fundamental skills com- 
mon to all types of instrument work. 

This series of “Basic Shop” training 
guides would describe such things as: 
saws and sawing; drills and drilling; 
files and filing; taps, dies and thread 
making; operation of the jeweler’s 
lathe; use of the staking arbor; solder- 
ing; use of hand tools; measurement 
and micrometers. 

In these “Basic Shop” guides, a ser- 
ies of training projects are incorporo- 
rated along with the description of each 
piece of equipment and its use, and the 
project so designed as to provide the 
trainee with experience in the use of the 
equipment in instrument work. 

In our opinion, such a “Basic Shop” 
training should be one of the essentials 
of any training program designed to 
produce an instrument mechanic, re- 
gardless of the degree or the area in 
which that man is to specialize. 

In normal instrument shop overhaul 
work the usual procedure is: 

1. Pre-disassembly inspection of the in- 
strument. 
2. Disassembly. 


3. Inspection of instrument parts. 
4. Overhaul and repair of parts. 
5. Reassembly. 

6. Testing and calibration. 

7. Installation. 


procedure is approxi- 
mately the same regardless of the in- 
strument being worked on. Moreover, 
the specific overhaul procedures for any 
instrument in a group are approximate- 
ly the same as for any other instrument 
within that group. Thus, if we teach a 
man the general overhaul procedures 
that are followed in repairing instru- 
ments of the various groups, and rely 
upon manufacturers’ manuals to de- 
scribe specific differences of procedure, 
we have produced a mechanic capable 
of overhauling any type of instrument, 
and have done it in little or no more 
time than would be required to pro- 
duce a specialist on one instrument type 
only. 


This general 


Our own experience in this type of 
teaching has been quite successful and 


we feel that it is by far the} + 
proach to what heretofore has ¢¢, 
difficult problem. 

Training guides provide a sy: ey 9; 
skilled training based on a se es of 
projects using actual instrum: ts ;. 
working material. 

In training an Instrument M. chan; 
he would be given “Basic Shop’ train. 
ing, requiring him to perform t!.. proj. 
ect assignments described in wor. , 
sheets. This would take him a; prox; 
mately 100 hours, more or less, cepeng. 
ing upon his previous related 
ences and the equipment availab|k 
the shop. 

Coincidental with his shop training. 
the student will study elementary phy 
sics, basic mathematics (arithmetic). 
and blueprint reading. This we 
be handled best 
meetings. 

The use of film strips, motion pic. 
tures and other visual devices through. 
out the training pictorially demon. 
strates much more adequately than js 
possible by theory lectures alons 

Now, after this basic training th 
student is ready to begin his actual jp. 
strument training. 

The training guide for a given typ: 
of instrument describes the a 
overhaul procedure for all the different 
parts that are found in instruments of 
that type. A man can take any one of 
the instruments in this group and find 
described in the training guide the pro- 
cedures to be followed in overhauling 
every one of the parts of that instrv- 
ment. 

In conjunction with this overhaul! and 
repair procedure, the student will be 
given classroom instruction in the prin- 
ciples of operation and the relationshi; 
of component parts. 

In completing the training of the stu 
dent, he will be given any one of the 
instruments of that group and placed at 
a shop bench with that instrument, his 
training guide, and required to disas- 
semble and overhaul the instrument, 
following the procedures as set fort! 


ind t 


through elassroon 


grenerse 


With proper supervision he will g 
through the complete overhaul of an 
instrument of the same group. 

Let us assume that the first instru 


ment given the trainee is a Bourdon 
Actuated Steam Pressure Gauge. Upor 
completion of his project, he will have 
completely overhauled one _ Bourdor 
Gauge. If we’re going to specialize 
this student on Bourdons alone, we wou! 
now have him go through the same 
procedure with another Bourdon, pro! 
ably a vacuum gauge. Perhaps we 
would then have him go through the 
same procedure with a third Bourdon, a 
Compound Gauge, at which time he 
should be a fairly well trained me 
chanic on Bourdon Tube Gauges, ¢a] 
able of handling other types, such as 
vapor tension thermometers, merco 
controllers and warning units. 

Our original thinking suggested that 
a teacher’s manual should be prepared 
to go along with each training guide, 
which would contain complete instru 
tions to the teacher and set forth les 
son plans, examination questions, and 
other materials that the instructo! 
could use in working with the student 
We have found that there is no need 
for such instructor guides with this 
type of a training program. Actually, 
the training guides are so written as 
to permit their use by the student with- 
out the need of any instructor. 

In practice, of course, an instr 
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B vise t 


ind should be on hand to super- 
work of the student, but his ef- 
tuld be contined to supplement- 
th his knowledge, the informa- 
ncained in the training guides 


wou 


forts 
ng, 


ont clarify any misunderstandings 
that nig arise in the mind of the 
trainee. A measure of the student’s as- 
aadln tion of the material set forth in 
the training guides can very readily be 
seen in the quality of his completed 
work, and the result of examinations 
hased on classroom theory and bench 
work 


ine of the biggest advantages of this 
ak ,1od of approach is the fact that it 
assures complete training in spite of 
any lack of previous experience on the 
part of the trainee. Almost any in- 
dividual with experience in instrument 
work at all could serve as an instructor 
and do a satisfactory job. 

Because we feel that this type of 
training must of necessity be skill 
training, 80% of a student’s five hour 
jay is spent at the bench, and one hour 
a day, or 20%, is spent in the classroom. 

With classes held to a maximum of 
15 to 18 students per instructor a four 
hour period at the bench permits rather 
close supervision. One hour spent in 
the classroom each day is ample time 
to present the theories and principles 
of operation. 

Included in our pressure phase of 
training is a sensitive Aircraft Alti- 
meter. Because we feel that the student 
should be familiar with an absolute pres- 
sure gauge, the altimeter was included 
in our course. We find, also, that be- 
cause of its extreme sensitiveness and 
complexity of linkage, the altimeter 
serves admirably as an examination of 
the student’s mechanical ability. 

It is in the altimeter that the student 
first encounters jeweled bearings and is 
taught how to inspect them for flaws — 
and how to replace a jewel when necs- 
ary. The altimeter and its aneroid cell 
allows for the study of atmospheric 
pressure and its related pressure alti- 
tude. The altimeter provides unusual 
ind desirable experiences. 

In this pressure section or phase of 
training the student spends two hundred 
(200) hours studying the overhaul, re- 
pair, and calibration of pressure actu- 
ited instruments. Forty (40) hours of 
this time spent in the classroom 
studying the theories and principles of 
yperation of Bourdon Tube, Diaphragm, 
ind Bellows Type Indicators, Recorders 
and Controllers. One hundred and sixty 
(160) hours of the student’s time is 
spent at the bench actually working on 
the various types of instruments. 

At the completion of this portion of 
the student’s training, he should be fa- 

liar with the test equipment and pro- 
edures necessary for calibration. Dead- 

eight testers, Comparator testers, 
Be} and Mercurial barometers, 


is 


ell jars 
Pressure Pots and U-tube manometers 
d Pressure control panels are the 
of test equipment studied and 
ised during calibration. 
e portion of our course devoted to 
study of Flow Measurement re- 
quires that the student have a rather 
»mprehensive knowledge of the nature 
f fluids. Therefore, considerable time 
pent in the classroom explaining 
sulli’s and Venturi’s theories. 
means of a flow line, through 
compressed air is forced and 


ited, it is possible to demonstrate 
eaction in differential to a change 


in orifice size, or a change in total flow. 
By connecting Well Type Manometers 
to taps in the flow line, spaced at var- 
ious pipe diameter intervals from the 
orifice face, we are also able to demon- 
strate the loss in static pressure due to 
friction in the line and to graphically 
illustrate pressure recovery. This flow 
panel also permits us to teach the 
square root function of the scale quite 
adequately. 

We feel that the student should be 
given the opportunity to actually do 
some piping work and to make actual 
hook-ups from schematic drawings. If 
he is then permitted to disassemble, 
clean, inspect, overhaul, repair, and cali- 
brate several types of flow meters he 
should be fairly well grounded in flow 
meter maintenance. 

This phase of his training takes ap- 
proximately one hundred (100) hours. 

Because of the many desirable skills 
and techniques developed, we are still 
including in our present curriculum, 
the study of the directional gyro indi- 
eator. The overhaul, maintenance and 
calibration of this type of instrument 
is so subject to the utmost in accuracy 
and cleanliness that we feel that other 
types of instruments leave much to be 
desired in this direction. It is here that 
the student learns the use of precision 
drill presses for the purposes of lap- 
ping pivots, the use of specialized power 
equipment for the lapping of races, the 
use of surface plates and dial indicators 
for the purpose of exact centralization 
of parts, the development of a sense of 
feel to determine end-shakes and side- 
shakes to the thousandth of an inch, the 
technique of static and dynamic balanc- 
ing, the use of various types of jig and 
holding fixtures, and the realization 
that each of the foreg ying must be 
nigh on to perfect to insure the elimina- 
tion of errors during calibration. In this 
phase the student learns skills which 
will stand him in good stead through- 
out his entire training. 

This portica of his training will also 
take approximately one hundred (100) 
hours. 

In our Electrical phase of training the 


student spends three hundred (300) 
hours in a rather all inclusive cover- 
age of Electric Meters and Instru- 


ments, running the gamut from simple 
Galvanometers to the rather complex 
Pyrometer Potentiometers. 

By means of Ohms Law problems and 
experimental circuit boards it is pos 
sible for the student to apply the knowl- 
edge he gained in classroom lectures to 
actual applications. Because it is 
necessary for him to have a sound fund- 
amental knowledge of electricity, con- 
siderable time is spent on the experi- 
mental circuit board developing his abil- 
ity to trace a circuit, to recognize high 
resistance connections, line loss, and in- 
herent meter error. 

The first electrical instrument the 
student gets to work on is a simple 
D’Arsonval, moving-coil type Galvan- 
ometer. After studying the physical and 
electrical aspects of the meter, the stu- 
dent is taught the importance of sensi- 
tivity. 

In learning about D. C. Voltmeters 
the student is required to re-range by 
using a decade box in series with the 
movement. Each student is also re- 
quired to re-range D. Ammeters by 
means of “shunt” calibration. Stand- 
ards, Wheatstone Bridges, Potentiom- 
eters, Decade Boxes, Multimeters, Ohm 
Meters, Magnet Chargers, and Magnet 


so 


Agers are available for the student’s 
use. 

As an introduction to alternating cur- 
rent meters and instruments the stu- 
dent is taught the theory in the class- 
room by means of lectures and films, 
and on the bench, by means of ex 2 eri- 
mental circuit boards. 

The student further familiarizes him- 
self with Theory and application 
when he overhauls and calibrates a 
Magnetic Drag Tachometer. The trans- 
mitter in this instance is an A. C. Gen- 
erator. The Receiver is a Magnetic Drag 
Indicator whose cup is drawn up-scale 
in proportion to the Generator output. 

he theory of Telemetering is dis- 
cussed in the classroom and applied at 
the bench by overhauling and calibrat- 
ing a 400 cycle transmitter and indi- 
cator. 

In this portion of the Electrical phase 
the stude nts also overhaul and calibrate 
A. C. Watthour meters. 

The last portion of the Electrical 
phase is devoted to the study of Tem- 
perature Measurement. 

Wheatstone Bridge principle Resist- 
ance Temperature Indicators and Re- 
sistance Temperature Indicators using 
a modified bridge ratio circuit are over- 
hauled and calibrated by the student. 
When the student overhauls and cali- 
brates a basic Millivoltmeter Tempera- 
ture Indicator, the Millivolt-tempera- 
ture relationship is extensively studied. 
At this time also, the student spends 
considerable time in the classroom 
learning Thermocouple Theory. He 
learns Thermocouple-fabrication, cali- 
bration, use, and application. 

The natural sequence of events now 
leads the student into the study of the 
use, principle of operation, overhaul 
and calibration of Millivolt-temperature 
Recorders. 

Investigation of the use and opera- 
tion of the Optical Pyrometer is under- 
taken at this time. Comprehensive dis- 
cussions and lectures on the theory of 
Potentiometer Circuits given in the 
classroom. At the bench, the student 
learns the reason for, and the manner in 
which, standardization of the circuit 
takes place. He is also required to bal- 
ance the Galvanometer and adjust the 
balancing mechanism so as to remove 
any stepping action of the pointer. He 
must trace and hook-up the control cir- 
cuit to a laboratory furnace for actual 
operation. The student uses a portable 
Potentiometer for checking and calibra- 
tion. 


is 


Because of the impossibility of teach- 
ing all types of instruments of all 
manufacture, we have been “hard-put” 
to find instruments of a given type 
which could be represented as basic and 
fundamental. We have tried to include 
in our curriculum at least two manu- 
facturer’s products which find greatest 
representation in the field. We are con- 
fident that upon completion of eight 
hundred (800) hours of such training, 
a student has developed _ sufficient 
mental and mechanical skills and in- 
genuity, that he can take his place in 
the instrument field and do a justifiable 
job for his employer and build for him- 
self a future. 

Men interested in doing work calling 
for a high degree of mechanical apti- 
tude and manual skills will find training 
in instrumentation tremendously inter 
esting and will also find in instrument 
work all of the satisfactions that every 
true craftsman seeks. 
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Section Secretaries, Meeting Data and Programs 
PRESQUE ISLE 


AKRON 
vied ere. 932 Columbia Ct., Barberton, 
Fourth “Tuesday, Meeting at 7:30 P. M., Akron 
Y.W.C.A,. 
March 28, “A Tour of The Fourth National 
Instrument Exhibit,” Slide Film No. 1 
April 25, Slide Film No. 2. 
ALBUQUERQUE 
L. J. Paddison, 911 Parkland Circle, Albu- 
querque, N. ‘ 
First Monday, Meeting at 8:00 P.M., Science 
Lecture Hall, Univ. of N. M. 
ARUBA 
K. H. Walker, P. O. Box 389, c/o Lago Oil 
& Tranpsort Co., Ltd., Aruba, N.W.1. 
First ‘luesday, Meeting at 7:15 P. M 
ATLANTA 
ti. WKuvaritz, Fischer & Porter Co., 84 Peach- 
tree St., Atlanta, Ga. 
Fourth Monday, Meeting at 7:45 P.M., Ga. 


Institute of Technology. 
BALTIMORE 


George B. Greer, 631 E. 36th St., Baltimore 


18, Md. _ 
Second Friday. 


BATON ROUGE 
John Q. Bass, 1517 Longwood Dr., Baton 
Rouge, La. 
Meeting at 7:30 P.M., L.S.U. Geology Bldg. 


April 3, “Gadgets,” R. D. Webb, Carbide & 


Carbon Chemicals Corp. 


BOSTON 
J Nazzaro, 
87, Mass. 
Last Wednesday, Dinner at 6:30 P.M., Meet- 
ing at 7:00 P.M., Patten’s Restaurant. 


CALIFORNIA 
D. C. Duncan, Helipot Corp., 
S. Pasadena, Calif. 
First Tuesday, Dinner at 6:30 P. 


456 Central Avenue, Milton 


Meridian Ave., 


M. Meeting 


at 8:00 P. M. 
April 4, “A Tour of the Fourth National 
Instrument Exhibit,”” Slide Film No. 2. 
CENTRAL ILLINOIS 
H. F. 2101 W. Glen Avenue, Peoria 


Lange, 
1 


5, Dl. 
First Wednesday, Dinner at 6:30 P.M., Meet- 


ing at 7:30 P 


Custe ” Hotel, “The 


April 5, Galesburg, Il., 
Instrument Man's Place in Industry’’-—A 
round table discussion moderated by J. R 
Shaffer, Corn Products Refining Co. 


CENTRAL INDIANA 


H. F. Coffey, 4029 N. Temple Ave., Indian- 
apolis, Ind. 
First Tuesday, Meeting at 7:30 P. M 
eo, 
<— _ Williams, 303 E. 9th St., Belle 
WwW 
First a Dinner at 6:30 P.M., Meeting 


at 8:00 P.M., Kanawha Hotel. 


CHICAGO 
Floyd E. Ertsman, Rm. 1420 Fisher Bidg., 343 
S. Dearborn St., Chicago, III. 
Third Tuesday, Dinner at 6:45 P. M., Meeting 
at 8:00 P.M., W.S.E. Auditorium. 
April 3, “Principles of Pneumatic Control,” 


V. V. Tivy, Foxboro Co. 
CHINA LAKE 
A. G. DeBell, U. S. Naval Ordnance Test 
Sta., China Lake, Calif 
CINCINNATI 
Edward H. Muhleisen, 320 Durrell Ave., Cin- 


cinnati 15, Ohio 
First Monday, Meeting at 8:00 P.M., Eng’r 
Society Has. 
CLEVELAND 
R. M. Woodside, 332 Oakmoor Rd., Bay 
Village, Ohio 
Fourth Wednesday, Dinner at 6:30 P.M.., 
Meeting at 8:00 P.M., Cleveland Eng’r. 
Society. 
COLUMBUS 
Orval Linehrink. c/o Battelle Memorial In- 
stitute, 505 Kine Ave., Columbus. Ohio 
Third Thursday, Battelle Auditorium 
CUMBERLAND 
Clyde Babst, 225 Cecilia St., Cumberland, Md. 
Tuesday after Fourth Monday, Dinner at 
6:30 P.M., Meeting at 8:00 P.M., Algonquin 
Hotel 
DETROIT 
Seymour Sterling, 13331 Linwood, Detroit, 
Mich. 
Second Wednesday, Meeting at 8:00 P.M., 
Rackham Bldg. 
April 12, “Present Day Atom Smashers,” 
W. P. Simpson, G. >. Co., Research & 


Consulting Lab. 


RASTER NEW YORK 


. R. MeKegg, c/o Gen. Engre. & Consulting 
ye G. E. Co., Schenectady, N. 

First Tuesday, Dinner at 6:30 P.M., Meeting 
at 8:00 P.M. 
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GULF COAST 
W. N. Sloan, 2558 Tyrrell Parkway, Port 
Arthur, Texas. 
Third Tuesday. Meeting at 7:30 P.M., Lamar 
College. 
HOUSTON 
E. E. Kleir, c/o The maa Co., 2518 S. 
Blvd., Houston 6, Texas 
Last Monday, Meeting at 8: :00 P.M., Engineers 
Club 
March 2 Banquet and Installation of New 
Officers. 
KANSAS CITY 
L. E. Oberhelman, Standard Oil Co., Sugar 
Creek, Mo. 
First Tuesday, Meeting at 7:30 P.M., Univ. of 
Kansas City. 
LOUISVILLE 
H. C. Scherffius, 980 Palatka Rd., Louisville 8, 
Ky. 
Fourth Tuesday, Meeting at 8:00 P.M., Sea- 
gram Auditorium. 
MONTREAL 
S. J. Mizuhara, 1075 Allard, Verdun, Quebec, 
Canada 
Last Monday, Meeting at 8:00 P.M. Mechanics’ 
Hall. 


NEW JERSEY 

ww. DP. aa 
Elizabeth 3, N. J. 

First Tuesday, De at 6:00 P. M. Meeting 
at 8:00 P.M., Essex House. 

April 4, Afternoon and evening Symposium on 
Measurement of pH and Conductivity.—2 :30 
P.M., a paper on pH by A. O. Beckman, 
National Technical Labs.-5:00 P. M., 
Social Hour and St. Louis Show Slide Films. 

8:00 P.M., a paper on conductivity meas- 
urement by Dr. Rosenthal, Industrial In- 
struments Inc. 

NEW ORLEANS 

W. H. Haney, 2927 
leans, La. 

No Regular Date, Meeting at 8:00 P.M. 


NEW YORK 


605 Westminster Ave., 


Music Avenue, New Or- 


Norman J. Cherry, P. O. Box 608, Merrick, 
Last Monday, Meeting at 7:30 P.M., Statler 
Hotel. 
NIAGARA FRONTIER 
Mrs. James L. Martin, 697 Potomac Ave., 


Buffalo 9, N. Y. 

Fourth Monday, Dinner at 6:15 P.M., Meeting 
at 8:00 P.M., Institute of Arts and Sciences, 
Buffalo. 

March 27, “Derivative 
Controls,” V. V. Tivy, 

April 24, Round Table Discussion, 
Maintenance. 

NORTH TEXAS 

R. E. Byers, 6000 

Texas 

gg CALIFORNIA 
. A. Dimmick, 5607 Alta Punta, El] Cerrito, 
M oatit. 

Third Monday, 
Emeryville. 


Action in Automatic 
Foxboro Co. 
Instrument 


Lemmon Ave., Dallas 9, 


Meeting at 7:30 P.M., Angelo’s, 


NORTHERN INDIANA 
J. Baum Beckman, 547 N. Waller Ave., Chi- 
cago 44, Ill. 
Third Wednesday. Dinner at 6:30 P.M., Meet- 
ing at 7:3@ P.M., Gary Y.M.C.A. 
OAK RIDGE 
John H. Clark, 230 Canton Hall, Oakridge, 
Tenn. 
First Wednesday, Dinner at 6:30 P.M., Meet- 
ing at 7:30 P.M., Oak Terrace. 
ONTARIO 
John W. Huether, 311 Southerland Dr., Lea- 
side, Ontario, Canada 
Third be Dinner at 6:45 P. M. Meeting 
at 8:15 
PANH ANDLE 
R. E. Harris, 307 Barfield Bldg., Amarill« 
Texas 
PHILADELPHIA 
C. W. Wood, 6908 Market St., Upper Darby. 
Third Wednesday, Meeting at 8:00 P.M., Bell- 
vue Stratford Hotel. 
March 15, “Instrumentation in Atomi 
gil W. J. Ladniak, Oak Ridge Nat'l 
Lab 
PITTSBURGH 
Miss Louise Suckfield, P.O. Box 2038, Pitts- 


burgh 30, Pa. 
Fourth Monday, Dinner at 6:30 P.M., 
at 8:00 P.M., Roosevelt Hotel. 
March 27, “Automatic Control in the Oil 
dustry.’” H. F. Moore, Std. Oil Dev. Co 
Slide Film No. 1. 

April 24, “Spectro-Analysis Instrumentation.” 
Dr. B. H. Billings, Baird Associates Inc. 
Pittsburgh Inspection & Gaging Committee. 
Second Tuesday, Meeting at 8:00 P.M., 


Meeting 


In- 
Also 


Wm. Penn Hotel. 
March 14, “The Relationships between Engi- 
neering and Inspection,"”” C. B. Johnson, 


Rockwell Mfg. Co. 


Edwin P. Schuwerk, 445% Halley Lp 
Erie, Pa. : 
Fourth Tuesday, Meeting at 8:00 | 
Community Center, East Lake |} 
March 28, “Psychometry,” L. G. §S 
Inst. Tech. 
RICHLAND 
M. T. Slind, M-6, Rm. 107 hland 
Washingwn ae 
Second Wednesday, Meeting at Py 
American Legion Hall. i 
ROCHESTER 
R. C. Schwarz, gr 1201 Grar Bldg 
Rochester 4, N. : 
Fourth Tuesday, basting at 8:00 I Un 
of Rochester, Physics Lecture H : 
SARNIA 
Fred T. Yorke, P. O. Box 213, Point gz 
ward, Ontario. Canada F 
Second Friday, Meeting at 8:00 P M 
Hall. 
SOUTH BEND 
Sam M. Kouse, 436 Moceasin Ave., Buchanay 


ich. 
First Thursday. 
neers Club, Hotel La Salle, 


SOUTH MICHIGAN 


Larry DeHann, 1117 Cobb Ave., Kalamaz 

ich. 

Second Wednesday, Dinner at 6 PM 
Meeting at 8:00 P.M., Chicken Charli 
Kalamazoo. 

SOUTH TEXAS 

H. C. Givens, La Gloria Corp., P.O 1, Fal. 
furrias, Texas 

First Thursday. Meeting at 7:30 P.M, Garne 
Aircraft Instrument School. 

ST. LOUIS 
W. G. Lee, 4710 Delor St.. St. Louis 16. ¥ 
First Wednesday, Meeting at 8:00 P.M Engi- 


neers’ 
April 5, 


D. Allhouse, Northern Equip. Co. 
TENNESSEE 
N. M. Taylor, 16 Edgewood, Kingsport, Tenn 
No definite night, Dinner at 6:45 P. M., Meet 
ing at 8:00 P.M. 
TULSA 
C. R. Horton, 8211 E. 7th, Tulsa. Oklahoms 


First Monday, 


Club of St. 


Meeting at 8:00 P.M. Fy 


Louis. 
“History of Feed Water Regulators 


Meeting at 6:45 


South Rend 


P.M., Eng 


neering Bldg., Tulsa Univ. 


TWIN 


Alden Hine. c/o Giesika 


mout 
apoli 
Fonrth 
WASHI 
Rayvmo 
Whit 


Third Monday, 


Co. Auditorium. 
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Robert Karr, 2455 Biddle Ave., Wya 
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at 8:20 P.M., Poremba Hotel, Ecorse, Mich 
WILMINGTON 
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Puhlie School, Wilm. 
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SLIDE-RULE SETTINGS 


or Use zn Measurement Work 


By CHAS. J. SOYSTER, Formerly with Richfield Oil Company of California 


O the meter man, or to anyone 
using orifice meters, the Slide 
Rule is almost indispensable. Re- 


gardless how accurately we may de- 
termine an orifice meter coefficient, the 
fact still remains that the final gas or 
liquid volume computed from the meter 
chart is no more accurate than the least 
accurate step in arriving at this final 
volume. 

Orifice meter charts measure from 
3.5/8 to 4 inches from zero to the max- 
imum reading. More than three signifi- 
cant figures cannot possibly be read 
from the chart. The scale of the small- 
est 5-inch slide-rule is a more magnified 
scale than that of the meter chart, and 
will yield three significant figures as 
easily as the chart. The final computed 
volume will also be accurate to three 
significant figures. However, when the 
first significant figure is 1, four figures 
may be read from the rule. 

In the following paragraphs occasion- 
al reference is made to the C.N.G.A. 
Bulletin No. TS-353, “Tentative Stand- 
ard Procedure for the Measurement of 
Natural Gas with Orifice Meters,” and 
the S.C.M.A. Handbook Data Sheets. 
of Square-Root Chart 
Readings to “Pound-Inch” Chart Read- 

g: One of the most useful slide-rule 
settings for the orifice meter man, is 
that for the conversion of square-root 
chart readings to the old-style chart 
readings. It is quite possible that 
square-root charts will be used almost 
miversally when a ready means is 
learned for translating readings from 
one style of chart to another. A few 
examples will make the method clear. 
Remember that pounds or inches is al- 
Ways on the top or A scale, and the 


Conversion 


square-root chart reading is on the bot- 
t r D seale. In between, on the B 
S« is set the range of the meter or 
spring as the case may be. 


imple 1: Square-root chart reading 
», meter maximum is 50. Find h 
es of water). Setting: Set index 


nted before the Southern California 
\ssociation, January 23, 1936. Corrected 
1950 by Southern California Meter 


on 


on C scale over 7.65 on D. Above 50 on 
B, find 29.3 inches on A. We _ have 
squared 7.65 and multiplied by 50/100. 
The square-root chart readings are the 
exact square-roots only of 100-inch me- 
ter readings in inches of water. The 
29.3 inches would be converted to 7.65 
by exactly the same setting. (S.C.M.A. 
Data Sheet 241). 

Note: In setting figures on the A and 
B scales, it should always be remem- 
bered that figures with an even num- 
ber of digits to the left of the decimal 
should be set on the right half of the 
rule, and with an odd number on the 
left half. 

Example 2: Square-root chart read- 
ing of pressure pen is 8.85. Spring 250 
pounds. What is pressure? (Zone 2.) 
Setting: Set index on C over 8.85 on D. 
Above 250 on B find 196 pounds abso- 


lute pressure on A. Subtracting Zone 
2 atmospheric pressure of 14.53 from 


196 gives 181.47, of which we are jus- 
tified in using certainly not more than 
four figures, or 181.5 pounds gage pres- 
sure. Here we have squared 8.85 then 
multiplied by 250/100 to find absolute 
pressure with one setting. Remember 
that absolute pressures and not gage 
pressures are always used on the rule, 
and also that inches of mercury vacuum 
must be converted to absolute pressure 
in pounds per sq. in. (S.C.M.A. Data 
Sheet 218) 

Example 3: Given square-root chart 
reading 5.45, using 24.7 spring. What 
is the vacuum in inches of mereury? 
(Zone 1 atmospheric pressure is 14.73) 
Setting: Set index on C over 5.45 on D. 
Above 24.7 on B find 7.35 pounds abso- 
lute on A. 7.35 from 14.73 gives 7.38 
pounds of vacuum, which, divided by 
the conversion factor 0.491, gives 15.0 
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(S.C.M.A. 


inches of mercury vacuum. 
Data Sheet 217) 

Example 4: Given 12.3 inches of mer- 
cury vacuum, using 24.7 spring. Find 
square-root chart reading. (Zone 5 at- 
mospheric pressure is 13.92.) Multipiy 
on the rule 12.3 by 0.491 (factor for 
converting inches mercury to. pounds 
pressure). Product is 6.04 pounds vac- 
uum: 6.04 subtracted from 13.92 gives 
7.88 pounds absolute pressure 
sponding to 12.3 inches mercury vac- 
uum for Zone 5. Now set 24.7 on B 
under 7.88 on A. Under index on ( 
find 5.64 on D. (S.C.M.A. Data Sheet 
220A) 

Atmospheric Pressure 
the Static Pen: A special case of the 
conversions given in the para- 
graphs is to find the atmospheric set- 
tings different pressure springs. 
Since no tables are published showing 
static pressure pen settings for all 
different pressure springs and elevation 
zones, the slide rule will prove to be 
especially useful in this case. 

Exrample 5: What is atmospheric 
setting for 50-pound spring 
on a square-root chart? (Zone 1 atmos- 
pheric pressure is 14.73) Set 50 on B 


corre- 


Settings for 
above 


for 


pressure 


under 14.73 on A. Under index on C 
find 5.48 on D. (S.C.M.A. Data Sheet 
217) 


Example 6: Find Zone 4 (Atmos- 
pheric pressure is 14.12) atmospheric 
pressure setting for 24.7 spring. Unde) 
14.12 on A set 24.7 on B. Under index 
on C find 7.56 on D. (S.C.M.A. Data 
Sheet 220) 

For convenience a few Standard Bar- 
ometric Pressures for Different Alti- 
tudes are given from Table 17, C.N.G.A. 
Bulletin TS-353: (S.C.M.A. Data Sheets 


217 to 220F) 
Z Elerat Std. Baromet 
Nur Limits t Preseu I 
! to +199 "14.7 
t "9 14 
‘ t Gog 14 
; ) 1399 14.1 
1400 te 1799 13.9 
1400 2199 13.7 


Gas Gravity Factors: Specific gravity 
factors, as given in Table 13, Bulletin 
TS-353 and S.C.M.A. Data Sheet 206, 

March 
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can be read from a slide-rule to the 
third decimal place. We solve by divid- 
ing 1 by the gravity, and extracting the 


square-root, with one setting of the 
slide. 
Example 7: What is the specific 


gravity factor for a gas with a gravity 
of 0.685? Under index on A, set 0.685 
on B. Under Index on C find 1.208 
on D. 

Gas Temperature Factors: Table 14, 
Bulletin TS-353 and S.C.M.A. Data 


Sheet 297. In this case we divide 
460 p'us 60 
460 plus T 
and extract square-root with one set- 
ting. 

Evample 8: What is the temperature 
factor of gas at 150 F.? Under 460 
plus 60 on A, set 460 plus 150 on B. 
Under index on C, find 0.923 on D. 

Veter Factors, or M Values fo 
Square-root Charts: Table 16 of the 


Bulletin and S.C.M.A. Data Sheet 226. 


These M factors can be read with one 
setting of the slide. 
Example 9: Find M for a 20-inch 


24.7-pound spring. Set 
right index of B to 24.7 on A. Under 
20 on B find 22.2 on D. M is equal to 
1 percent of 22.2, or 0.222. 

The M factor converts the “pound- 
inch” coefficient to the square-root chart 
coefficient. 


meter with a 





Example 10: How does the coefficient 
or capacity of a 100-inch meter com- 
pare with that of a 50-inch meter? Set 
left index of B under 50 on A. Under 
100 on A find 1.414 on C. The coefficient 
and capacity of the meter, using the 
same orifice, will be multiplied by 1.414, 
or will be increased 41.4 per cent. 

Calculation of “Pound-Inch” Charts: 
Pressure extension book or special slide 
rules are not necessary, although there 
some inconvenience in taking the 
extensions from the rule where gas is 
measured under a vacuum. It may be 
done as shown above in Examples 
3 and 4, but is more easily done by 
making a table or graph for the par- 


is 


ticular elevation zone showing the 
relation between vacuum and_ abso- 
lute pressure. “Pound-Inch” charts 


are calculated with two settings of the 
slide. Set index on B under absolute 
pressure on A. Under differential pres- 
sure on B, find pressure extension on 
D, by using runner. Without moving 
runner, multiply by coefficient on C and 
D scales. 

We might add another example under 
the heading of Meter Factors. Installa- 
tions are not uncommon where a high- 
range and a low-range meter are used 
on the same orifice, say a 10-inch and 
100-inch meter. If the 10-inch meter is 
reading 9.75, what should the reading 
be on the 100-inch meter? In this prob- 


Automatic Controls for Air 


By 


HE BASIC purpose of every air- 
7. conditioning installation con- 

tro/—that taking up where 
Nature leaves off, the job of controlling 
climate. In the type of installation with 
which this discussion is to be prin- 
cipally concerned, the problem is one 
of maintaining climatic conditions 
within the relatively narrow band re- 
quired for maximum comfort and 
health. In the case of industrial appli- 
cations the requirements may be even 


is 


1S, 


more exacting. 
In any case it becomes immediately 
apparent that the matter of automatic- 
control system design is of direct im- 
portance and interest to anyone con- 
cerned with air conditioning, whether 
as designing engineer, installing con- 
tractor ultimate user. For, while 
the selection of the proper fans, heating 
coils, refrigerating equipment, etc., 
is important, it is obvious that the finest 
array of the most elaborate equipment 
for air moving, heating or cooling can- 
not accomplish its intended function 
unless it is operating at the command 
of a well-designed and integrated auto- 
matic-control system. 
Such a system may be 
a single room thermostat 
unit air conditioner, or 


or 


as simple as 
controlling a 
it may com- 
the California 
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FRANK R. FITZGERALD, Minneapolis-Honeywell Regulator 


prise the many related control func- 
tion involved in a large multi-zone 
central fan system; but whether simple 
or complex, the same two criteria will 
determine whether or not it is a good 
control system. 

First, properly selected and properly 
related control components must 
provided in sufficient quantity as well 


be 


as quality, if the desired results are 
to be obtained from the investment. 
For instance, an air-conditioning in- 


stallation can be quite disappointing 


if adequate zoning is not provided. 


Second, the opposite extreme must 
be avoided wherein, owing to hap- 
hazard selection, an unnecessarily 


large number of poorly-related con- 
trol components can result in an un- 
wieldy, inordinately complex system, 


difficult to adjust and operate, expen- 
sive to buy and maintain. 

The problem now, in deciding which 
controls of what types, ranges. func- 
tions, etc., should go into a control 
system for an air-conditioning system, 
would be greatly simplified if it were 
possible to provide control “packages” 
to fit say half a dozen representative 
installations. Unfortunately, however, 
there is practically no such thing as a 
representative air-conditioning instal- 
lation. Even with thousands of control 
devices available in the catalogs, we 


Cc 


lem the square-root chart readi) 
inversely as the square-roots 


meter sizes. By inverting th. sjjq 
readings of any range meter ,}j] 


Vary 


the 


found on the D scale under th. mete, 


sizes on the inverted B scale. re 
ample, set 10, the center index 0: the jp. 


verted B scale, above 9.75, the | )-jyo} 
meter reading. Under 100 on B, : nd th, 


100-inch meter reading for th sx 
orifice. 


spectively, for the same orifice and flo) 


Likewise, under 50 inches ap. 
pears 4.37, and under 20 inches 6.29 
readings of 50 and 20-inch meters ye. 


This comparison may also be made }y 


reading CI scale opposite A scale, with. 


out inverting slide. 


An approximate rule for computi) 
new coefficients or meter capac 
slight changes from standard orifice 
sizes: It can be used with a very sma 


error for interpolating 


of d, 
true. 
cient of 115.14 for a 2 by 0.750 plat 
what would be the coefficient fo: 
by 0.780 plate? Setting: Over 0.75) 
D, set 115.14 on B. 
find 124.8 on B. This result is ab 
0.3 percent high. 

These examples will suggest m 
ous others which may be solved quic! 
with the slide-rule. 


which of course is not 


exact 


Ime 


To illustrate, given a gas coeff 


betweer an 
two of the published coefficients. It as 
sumes that the flow varies as the squan 


Above 0.780 on | 


Conditioning 


o., Los Angeles 23, Calif. 


occasionally encounter an applicat 
where a custom variation, not avail: 





as a standard item, would be of a 
vantage. Then, too, new controls { 
doing a better job are continuous 


being made available by constant 1 


search and development. Even 


such a basic question as to which ty] 


use—pn¢ 
ther: 


of operating medium to 
matic, electric or electronic 


be no pat answer, until the characte: 





istics of the particular  installatior 
have been analyzed. 
Within the scope of this discuss 


we can hope, of course, to cover ot! 


the more salient aspects of basic prit 


ciples and representative applica 
of the various types of control. I m 
mention, however, that the cont 
manufacturer makes available at 





times the services of control specialists 


for the purpose of rendering unbias 


assistance in matters of control systen 


design. 
TYPES OF CONTROL AND 
Since I understand that most if 1 


TERMINOLO 


ant 


\ 


all of you are familiar with industria 


rapidly the types of control and co 
terminology as used in commeric: 
air-conditioning applications. 
I Types by Primary Source 
or Operating Medium 
A. Electric: Transmits signals 


of P 


control, we will review only briefly an¢ 


















device by changes in electric 


















on event Signals actuate two-position 
- yi devices directly, or by means 
: of relays either pneumatic or propor- 
ss tioniny-electrie devices. Best Applica- 
tion; Where the final control action 
"4 is to be two-position in nature; where 
: the number of proportioning-ty pe valve 
: or damper operators is relatively small 
- and there is no existing source of air 
ne 
e pressure. 
neters rx B. Electronic: Transmits signals by 
and floy minute changes in electric voltage. 
made — Electronic relays actuate any type 
ale. wit © electric or pneumatic device. Best Ap- 
< plication: Where either averaging or 
om puti) compensated control is indicated, par- 
ie : ticularly where more than one stage of 
rd orif compensation is desirable; where maxi- 
ery sma mum speed of response is required. 
vee AY | C. Pneumatic: Transmits signals by 
ts. Ita changes in air pressure. Signals ac- 
he square [B® tuate electric devices through relays, 
t exa © and pneumatic devices either directly 
as coeff or through relays. Best Application: 
50 plat Where proportioning type damper or 
for a2 J valve operators are involved and the 
0.75! — number is relatively large or source of 
80 on D P air pressure exists; where explosion- 
IS ab © proof conditions are to be met. 
t nume 3 Il. Types by Control Action 
d quicl » A. On-off Control: As the name im- 


plies. provides all-or-nothing response 
of the controlled device. Example: 
A heating valve controlled by room 
thermostat set at 74 degrees, with 3 
degree differential. The valve remains 
closed as long as the temperature at 
the thermostat remains at the SET 
POINT or setting of the control index. 
On a drop in temperature the valve 
remains closed until the temperature 
has reached the CUT-IN POINT (i.e., 
the temperature at which the thermo- 





; stat switch makes contact) at which 
Pipe time the valve goes completely open. 
roils To! Hf The valve remains open through the 
cree resultant temperature rise, until the 
tant 1 temperature has again reached the 


oe 4 » CUT-OUT POINT, at which time the 
vy valve again closes. The DIFFEREN- 


ce TIAL is the change in value of the 
controlled condition which occurs  be- 
tween the cut-in and cut-out points 





and is expressed in degrees for a tem- 


perature controller, in percent R.H. 
wine for a humidity controller, in pounds 
hm ; per square inch for a pressure con- 
ie troller, ete. (A heating thermostat is 
er ordinarily calibrated so that the cut- 
lent | out point corresponds to the set point.) 

at a 2. Proportioning Control: Provides 
oone response of the controlled device in 
eect ; small increments which are propor- 
sak tional to the amount of deviation or 
INOLOGY tion measured by the sensing de- 
t if not V THROTTLING RANGE (corres- 
dustria I ng to “differential” in “on-off” 
fly and |) is the term used to denote the 
contr t hange in controlled condition 
rical or is required to cause complete 
, of the controlled device. Ex- 

Powe A heating valve controlled by 
thermostat adjusted for 4-degree 

ls fron 1 ling range, a set point of 72 











degrees and so calibrated that the set 
point is at the middle of the throttling 


range. When the temperature at the 
thermostat is 72 degrees, the valve 
is one-half open; at 71 degrees the 
valve is three-quarters open; at 70 


degrees, wide open. Similarly, on tem- 
perature rise above the set point, the 
valve is one-quarter open when the tem- 
perature is 73 and fully closed at 74 
degrees. 

Note that the temperature can be 
at the set point only under median 
load conditions. In this example it is 
the condition at which the heat input 
from a one-half open valve exactly 
equals the heat losses from a 72-degree 
space. At any other load, the result 
is a partial or compromise correction 
in which the valve can position only 
part-way toward the point which would 
completely restore temperature to the 
set point and, at the same time, the 
temperature will more 
nearly back to the set point than if the 
valve had not moved at all from the 
one-half open position. 


be corrected 


This new point of compromise bal- 
ance which occurs at other than medi- 


an load is called the CONTROL 
POINT and the amount by which it 
differs from the set point is called 


load error, droop, drift, offset, etc. (1 
prefer “offset.””) Thus it is seen that 
at median load, when control point and 
set point coincide, there is no offset; 
but that as load varies from minimum 
to maximum, the control point shifts 
from one extreme of the throttling 
range to the other, resulting in maxi- 
mum offset at the extreme load condi- 
tions. 

C. Floating Provides 
sponse of the controlled device to what- 
ever position may be necessary to re- 
store the controlled condition approxi- 


Control: re- 


mately to the set point. The NEU- 
TRAL ZONE or DEAD SPOT is the 


total change in controlled condition 
which must occur before correction 
is started. Example: Volume damper 
in fan discharge controlled by static 
pressure controller downstream from 
the damper. Set point is 2 in. wate 
column; neutral zone is 0.2 in. On 
pressure drop to 1.9 in., motor starts 
driving damper toward open position 
and stops only when pressure has been 
restored to some point between 1.9 in. 
and 2.1 in. Final damper position may 
be anywhere between open and closed, 
depending only on the extent of the 
deviation and, therefore, of the correc- 
tion required. 

Application of simple floating 
trol is limited to those few which have 
feedback coupling between con- 
trolled device and sensing device. Most 
advantageous use of floating control 
is in AUTOMATIC RESET of propor- 
tioning control, wherein a floating con- 
trol response is superimposed on the 
proportioning correction to minimize 
offset. 


con- 


close 


BASIC CONTROL PRINCIPLE 
Again with the time limitation in 
mind, any discussion of basic principles 


within the scope of this meeting must 
be rather broad and sketchy. However, 
there is one basic concept which, as 
pointed out by several authors in the 
last eighteen years, is a sort of com- 
mon denominator of all types of con- 
trol—whether the amazing human con- 
trol system of sensing perceptors, sen- 
sory nerves, brain, motor nerves and 
muscles; complex electronic computing 
machines; an automatic tempera- 
ture control system. This common re- 
quirement of all control can perhaps be 
most simply stated thusly: For effec- 
tive control there must be fed back 
to the controlling device a full report 
regarding the result of any corrective 
action it caused. Analysis of air-con- 
ditioning control problems in terms of 
this concept may perhaps explain many 
otherwise puzzling questions. For in- 
stance, anyone unfamiliar with con- 
trol who had the patience to follow the 
previous discussion of types of control 
action might have wondered why all 
the concern with adjustable throttling 
range, differential, dead spot, etc. It 
would be quite reasonable to wonder 
why not simply make an on-off thermo- 
stat with an _ infinitesimally small 
differential and let it go at that; o 
perhaps better yet—use floating con- 
trol with only a microscopic dead spot 
or neutral zone. The answer, of course, 
is that if we had 
exact feedback to the controlling device, 
precise control could be accomplished 
with just such simple arrangements. 
Conversely, without stretching the 
feedback concept too broadly, it can 
be stated that the problem of effective 
control is complicated almost entirely 
by those inherent factors which im- 
pair good feedback. 

A system with no feedback might be 
conceived as a proportioning type out- 
door controller operating a valve which 
supplies heat to a conditioned space. 
The desired result is that the tempera- 
ture in the space remain constantly at 
74 degrees as the load changes from 
maximum (when it is 30 degrees out- 
doors) to minimum when there is no 
temperature difference between outside 
and inside. Assuming that the full 
capacity of the heating system exactly 
matches the heat caused by a 
temperature difference of 44 degrees, 
it seems reasonable enough to thus 
control the system since we will have 
the valve wide open at full load (30 
degrees outside temperature) half open 
at median load (outside temperature 


or 


instantaneous and 


losses 


52 degrees) and completely closed at 
the no-load or fade-out point of 74 
degrees outside temperature. Unfor- 


tunately, however, we would find that 
such things as varying differences be- 
tween of outside 
perature change and rate-of-change in 
heat loss from the structure; changes 
in load due to other than outside tem 
perature changes, such as solar effect, 
changes in wind direction and velocity; 
any variation in number of occupants 


rate-of-change tem- 


of the space; number of lights, ete. 
would all act to impair the control 
result quite drastically. 

Considering next a theoretical sys- 
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tem which has perfect feedback as de- 
fined previously, we might conceive of 
a floating controller with essentially 
no neutral zone, located within the 
conditioned space, controlling a heat- 
ing valve and charged with maintain- 
ing the same condition of 74 degrees 
throughout the range of load change 
from design temperature to fade-out. 
Since, by definition, the thermostat 
now has instantaneous and exact in- 
formation as to the result of any ac- 
tion it causes, it can start a correction 
for the slightest deviation, regardless 
of the load factor which made it nec- 
essary, and can stop the correction 
the instant the temperature has been 
restored to the set point, without over- 
shooting or undershooting. It is too 
bad that this is only an idle dream. 

In practice we find serious impair- 
ment of feedback, resulting from de- 
lays or lags in getting the information 
back to the controller. These lags are 
of many kinds and but for 
our purposes we will lump them into 
two classifications: Control lag and 
transportation lag. Considering again 
the floating control system of the last 
example, this time with feedback im- 
paired by time lags, we now find that 
accurate control system it is 
effective. Observing, for in- 
stance, the effect of an increase in 
load from the median point, we find 
that now the temperature has dropped 
somewhat before the controller begins 
to notice it, further delay may take 
place in the response of the valve (con- 
trol lag), the response of the heating 
coil to changes in flow of the heating 
medium, and the time required to 
transport the heated air back to the 
conditioned space (transportation lag). 
During all of this time we can pre- 
sume that the temperature was con- 
tinuing to drop at the original rate, 
with the result that it has undershot 
by an amount directly related to the 
rate of temperature drop, versus the 
total lags in the system. We find 
further that throughout this delayed 
feedback period the thermostat has 
recognized the sustained deviation as 
simply a requirement for more and 
more heat. Consequently, even though 
the actual load change might have re- 
quired only a small corrective valve 
movement, the valve actually has no 
choice but to continue driving to or 
toward the full-open position. The 
result is that considerable excess cor- 
rection will be put into the pipe line 
by the time the thermostat again recog- 
nizes that the temperature has been 
restored. The resultant overshoot is 
similar to the undershoot and simi- 
larly its extent will be determined 
by the rate of temperature rise versus 
the total time lag. 


sources 


as an 
not very 


From this picture, which suggests 
complete control instability, we can 
correctly conclude that in almost all 


practical applications, inherent lags 
prevent the use of simple floating con- 
trol. For similar reasons the all-or- 
nothing response of on-off control may 
result in total deviations considerably 
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in excess of the actual instrument dif- 
ferential. 

For this reason, proportioning con- 
trols are used almost exclusively in 
commercial air-conditioning  installa- 
tions as the final space or zone tem- 
perature controls. Proportioning con- 
trols have the advantage that a smali 
deviation at the sensing element causes 
only a definite and proportional cor- 
rective valve movement (for example) 
and not, as in floating control, con- 
tinued drive that is sustained as long 
as the deviation persists. This results 
in stability, if the actual correction 
is also proportional to the deviation. 
Unfortunately, the amount of actual 
correction provided by a given increase 
of valve motion (i.e. for a given tem- 
perature deviation in degrees) will 
increase radically with decrease in 
lead such as occurs in the same heating 
example, as outside air temperature 
increases from 30 degrees at “design 
condition” to 74 degrees at fade-out. 

When the load is light, that is, near 
the “fade-out” condition, the excess 
of heating capacity waiting to respond 
to even slight movements of the valve, 
combined with the impairment of feed- 
back due to lags, make it necessary to 
widen the throttling range, that is, 
reduce the amount of valve travel for 
a given temperature deviation at the 
thermostat. The stability thus gained, 
however, has been accomplished at 
the expense of close control, since be- 
tween no-load and full-load conditions 
the actual control point will have been 
offset a total amount equal to the width 
of the throttling range. Thus it seems 
that this rose has a thorn also and 
that if we want close control, we just 
can’t get there from here. Fortunately, 
however, it is possible to achieve sta- 
bility combined with close control. 

One method, already alluded to, is 
by automatic reset, which can be con- 
sidered as a combination of propor- 
tional and floating control. With pro- 
portional control stability accomplished 
by a sufficiently wide throttling range, 
a change in load from the median 
point in the previous example will re- 
sult, as we have seen, in offset from 
the control point. If we now follow 
up the proportional correction, how- 
ever, with additional floating control 
which senses and corrects for—not 
the space temperature deviation but 
the control point deviation, the result is 
control with the potential accuracy 
of floating control, but compensated 
for impaired feedback. The rate of the 
additional correction due to the float- 
ing control component must of course 
not exceed the rate of control point devi- 
ation, that is, the rate of the offset 
caused by proportional response. 

I trust that anyone familiar with 
automatic reset will recognize this ex- 
planation as a not too inaccurate, 
though perhaps over-simplified, deline- 
ation of the actual interaction of the 
proportional and floating components 
of automatic reset. 

Another method of combining sta- 
bility with accuracy is known as com- 
pensated control. This might be con- 


sidered as transferring as mu: » of th, 
excess capacity as possible f 4m the 
final control element to a c¢ te 
located that the lag and 

is minimized. Compensated c 
accomplished by either pneuma jc ma. 
ter-submaster type control or sy ele. 
tronic control. Electronic cont»o|s 4, 
of particular advantage since + ng; 

dual compensation averaging 
etc., are readily accomplished | 
resistance-sensing elements 

rated in bridge circuits with convey. 
ent means of adjusting the relatiy, 
authority of each element. An agg. 
tional advantage of the electronic ep, 
trol is that control lag due to sensing 
time is reduced to a minimum by th; 
low-mass resistance-wire elements. 








COrpo- 


TYPICAL APPLICATIONS 


A. A complete air-conditioning sys. 
tem provides heating, cooling, humid. 
fication and dehumidification. A typical 
control system would include the fy. 
lowing functions: (1) Control of out. 
side air dampers to gradually reduc 
outside air to minimum as temperatur 
either drops below 60 degrees or rises 
above 75 degrees. (2) Space-heating 
thermostat to control modulating valy 
on heating coil. In colder climates 
on systems in this area which us 
100 percent outside air, a_ low-limi 
thermostat in the fan discharge woy 
be included to over-ride the spac 
thermostat as required to provide mini- 
mum discharge temperature and | 
vent cold drafts. (3) Space-cooling 
thermostat to control cooling by means 
of sequenced direct-expansion coils 
valves, chilled water valves, etc. (4 
Space humidity controller to operat 
cooling equipment for dehumidificatior 
Heating thermostat operates to prov 
reheat on resultant dry-bulb depres 
sion. (5) Space humidity controller t 
operate humidifier valve for humidif- 
cation. (6) Fan interlock relays 
shut off heating, cooling and humidif 
cation when fan is shut down. 

B. A typical method for accomplish: 
ing zone control is by means of con- 
trolled hot and cold plenums with 
dividual zone thermostats controlling 
mixing dampers. Compensated contro 
of both hot and cold plenums either 
from outside air temperature, spac 
demand as measured in differentia 
static pressure, or by both, is desirable 
A variation extensively used in larg 
buildings extends the hot and cold 
plenums in the form of double ducts 
in corridor ceilings. Individual 
thermostats control mixing dampe! 
at duct take-offs adjacent to the re 
spective rooms. 


roor 





C. Panel heating control requires 
particular consideration of the lags 
involved—especially when a “heavy 


panel is located in a “light”? structure 
Compensated control is a “must” pref- 
erably on both the water temperaturé 
and on the control of the panel itself 
Electronic control lends itself admur- 
ably to this application. Zoning ma) 
be accomplished with space thermo 
stats controlling three-way mixing 
valves supplying the respective panels 
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ASHCROFT 
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66 ° 
Progressive 





400 289 99 ” 


100 Research 






has meant 






continuous 
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leadership 





for over 


100 Years” 











A few Ashcroft ‘‘firsts” that have anticipated the needs of industry: 


service life, join the long list of Ashcroft 
Gauge features. 
1939—‘K”’ Monel Bourdon Tubes, for serv- 


ices that would corrode stainless steel, intro- 
duced by Ashcroft. 


19?1—Ashcroft introduces the micrometer 
adjustable pointer. 


/924—The rotary movement is announced 
by Ashcroft. 


/929—The phenol condensate plastic case 
is an Ashcroft “first” this year. 1939—Laminated phenol dials make this 
1932— Bourdon Tubes of stainless steels are year a big one in Ashcroft development. 


innounced by Ashcroft research engineers. = . r 
y & 1947 — Ashcroft research engineers announce 


the new, revolutionary Nylon Movement’. 


*Pat. applied for 


/936—Stainless steel movements, for greater 


1850—A century of service to American Industry—1950 


ASHCROFT Gauges 


A Product of 
MANNING, MAXWELL & MOORE, 
STRATFORD, CONNECTICUT 
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\__TRADE MARK 


INI INOOW 3 


INC. 





Movers of ‘Ashcroft’ Gauges, ‘Hancock’ Valves, ‘Consolidated’ Safety and Relief Valves, ‘American’ Industrial and 
sen’ Electrical Instruments. Builders of ‘Shaw-Box'’ Cranes, ‘Budgit’ and ‘Load Lifter’ Hoists and other lifting specialties. 
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| New Bulletin Tells Why | 
| 


—— 
ALL TELECHRON TIMING MOTORS ARE 

















CONSTANTLY SYNCHRONOUS 


INSTANTLY «+e 


_ ROAR NPE eee eee 








Send for this bulletin which 
clearly shows how Telechron’s 
light-weight floating rotor and 
capillary oiling system com- 
bine to prevent motor lag or 
slippage, and assure long life. 
Selection guide simplifies 
choice of models ranging in 
starting torque from .018 
pound-inches up at 1 rpm. 
Write for Bulletin IS-100 
today. TELECHRON INC., 55 
Union Street, Ashland, Mass. 
> A General Electric Affiliate. 


oo THAT MINIMIZE 
CONVERSIONS, 
ERRORS, DELAYS 

’ 


“Veoder-Readings” 


ARE DIRECT READINGS 


Put an end to the setting and 
reading of hairline-graduated dials 
on all types of machines 

Install a Veeder-Root Counting 


Device that will give direct and 














accurate Countrol over rate of 
feed, depth of cut, or any other 
phase of operation 

Then operators and inspectors 
gct their Facts-in-Figures directly, 
in bold 


easy-to-read figures that don’t 


plainly, aumistakably 


have to be converted, decoded or 


otherwise translated 





The Counting Womeg of Haamlig 


VEEDER-ROOT INC. 


Hortford 2, Connecticut 


bn tid 995 St James Se 


Monreal § te Paxten . wt Lid, Dickinson 
Works, 20 Purley Way, Croydon, Surrey 
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TEMPERATURE MEASUREMENT AND CON 


Continued from page 247 


OL 


the relation between “factory accuracy” and “sust 
curacy” is to a large extent determined by the con 
of the instrument. Sustained accuracy guarantee. a) 
challenge to the manufacturer to so construct hi 
ment that the most improbable abuse will not undu!. as, 
the accuracy of the instrument. 

To summarize all of this, then, if a user will carefy 
determine whether he is actually interested in sensitiyi; 


rather than accuracy, he can save himself much of the 


pense involved in continual checking and adjustment 





calibration. In the long run, he will save wasted investmey: 


caused by needless effort on the part of the manufacty) 
to meet unduly high accuracy standards. On the other ha, 
modern correlation of processes puts an ever increasing ¢ 
mand on the manufacturer to be able to provide highe) 
curacy in his instruments. 

Looking at the specialized problem where the sensit 
element may be divorced from the instrument, as elt 


trical instruments, we are not, in general, concerned wit 
sensitivity. In general, the most minute change of temper. 


ature will produce a change in resistance or voltage dey 


oped by the sensitive element. The problem of sensitiy;: 


is in developing recording or indicating instruments wi 
will respond to these minute changes. 
The major term involved in the industrial use of sen 


tive elements is “interchangeability.” To make practic: 


use of these elements, it is seldom satisfactory to calibrat 


a given instrument to a given element. Any instrument ma 


be used with any element, and hence both must be int 


changeable. The accuracy of electrical instruments is usual. 


ly stated in terms of resistance, voltage, or other elect: 
parameter, and to obtain the accuracy of an over-all syst 
it is necessary to add the deviations of individual sensit 
elements which may be applied to the instrument. /)/ 
changeability, then, can be defined as a statement of 


deviations of individual elements from a standard elemer 
Here again, such a statement is affected by the quali: 


of the standards, against which the standard element 
checked. 
Interchangeability is directly affected by the met! 


used in construction, since to produce resistance bulbs, { 


example, of exactly the same characteristics over and 
calls for great care in the method of constructing the 


Furthermore, some methods of construction are inherent 
subject to change, owing to the effects of temperature, a 


] 


this change will result in a drift of the sensitive eleme: 
with age and use, which will affect its interchangeabilit 


»sponse is shown as affecting interchangeability, | 
Res} 4 gz } 


in general, just as in the determination of the accura 


of an instrument, in determination of the interchangeabh 
of elements the effects of response are eliminated by all 
ing sufficient time for the sensitive element to com: 
equilibrium with the standard. 

Here again, in many instances, 
can be saved by the user by recognizing the fact that 
sitivity is the paramount consideration in many jobs, 
that, in general, lack of interchangeability of sensitiv: 
ments does not adversely affect the sensitivity. Howe 


increasing correlation of processes causes an ever-increasin 


ane 


demand upon the manufacturer to increase the interc! 
ability of sensitive elements. 

CHOICE BETWEEN MECHANICAL, FILLED 
PNEUMATIC, ELECTRICAL INSTRUMENTS 


GENERAL 


In discussing the various types of temperature mé 
ing instruments available, we have already disposed 
mechanical type operating on the expansion of a n 


considerable expe! 


a 


and the glass stem thermometers operating on the expans 


of a liquid. Let us now compare the filled system an 
electrical type instruments. In general, filled system 
mometers offer the greatest simplicity and usually) 
lowest investment. The major distinction between filled 
tem and pneumatic transmission or electrical types 

distance between the point of measurement and the 
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OR SMALL-FLOW CONTROL 
With Equal Percentage Characteristics 


HONEYWELL LOW-FLOW 
High-Lift Motor Valve 
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Available With This Group Of 


Precision Cast Plugs 
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Here are all the Advanced Design features of the Honeywell Series 
700 Valves, function-fitted to the requirements of precision control 
for small flows, pilot flows or pH applications. 





The Honeywell Low-Flow is a motor operated valve possessing Pre- 
molded Neoprene Diaphragm with Rolling Action, Pivot-Mounted 
Inner Plate, Cradle-Mounted Upper Spring Flange, Duplex Stem 
Bearings and One-Piece Bonnet . . . available with a series of differ- 
€ 


ent size plugs, each of which changes flow about 7% with every 1% 


change in stem lift. 
This all adds up to a new high in versatility and precision for a critical 
phase of flow control operations ... well worth your investigation. 


Call in your local Honeywell engineer for detailed information on 
amniiire types of construction, materials, connections, ratings and accessories 
LARGEST ... he is as near as your phone! 
ORGANIZATION F 
FOR AR ewreee Write, today, for a copy of Bulletin 700-2! 
INSTRUMENTATION ie ‘ " 
AND CONTROL 


MINNEAPOLIS-HONEYWELL REGULATOR CO. 
INDUSTRIAL DIVISION 
1908 Windrim Ave., Philadelphia 44, Pa 





Offices in 77 principal cities of the United States, Canado and throughout the world 
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Tremendous aid 
to improved efficiency 


WIZARD Electric Counters count 
anything that will operate a switch, 
photo-electric unit, or other circuit- 
breaking device. You can locate 
them at any distance from the ac- 
tual source of count. Operations 
thruout the plant can be counted in 
Production Office. 


Models for every purpose. Just tell 
us what you want to do. 





JUST OFF THE PRESS— 
16-page illustrated bulletin 
Describes Modern Methods 
of Count Controlling Pro- 
duction Packaging, Deliv- 
eries, Batch Counting; Re- 
mote Production Counting. 
Send for your copy. 


P viadualion . ee Company 


702 W. JACKSON BLVD., CHICAGO 6, ILL. 
ncipal Cities 


Representatives in 
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@ FOR GAUGING LIQUIDS 


OF ALL KINDS 

@ 100% AUTOMATIC 
© APPROVED BY 
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WRITE FOR COMPLETE DETAILS 
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36-27 SKILLMAN AVE., LONG ISLAND CITY.I.N.Y 
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of recording or control. In most installations, w thi 
distance is relatively small, say under 100 feet, fill. 
instruments should be used. However, where th« 
becomes larger, considerations of speed of response os¢ of 
connecting tubing or cable, and ease of installation eng ¢, 
dictate the use of either pneumatic or electrical inst ents 

As far as the choice between pneumatic and 


instruments is concerned, pneumatic transmissio; stro. 
ments offer a major advantage where explosion ha ard js 
important, but have the disadvantage that their ed of 


response decreases as the distance increases. Over-al] ap. 
curacy of a pneumatic system is usually less than ‘hat 

an electrical system, and, in many instances, the 
sensitivity cannot be obtained with pneumatic instruments 
particularly if the effect of speed of response on act 


Sen. 

sitivity is considered. 
It must be remembered, however, that the uss eler 
tronic instruments, in many instances, permits the energy 
level in the sensitive element and connecting cable to be s 


low as not te constitute an explosion hazard. Man 
consider thermocouple wire and, in some instances, resist. 
ance bulb cable, the same as flexible tubing and run it bar 
without expensive conduit. However, in many la 
electrical code and insurance requirements make it 
tory to use expensive explosion-proof conduit for these leads 

As far as the instrument itself is concerned, most models 
are available with explosion-proof housings. However, thes: 
housings are usually bulky and expensive and difficult t 
install on instrument panels. In general, the tendency is ¢ 
locate the instrument in a safe area, so that it does not 
have to be explosion-proof. 

In this connection, it is worth-while noting that as littl 
as ten years ago, the thought of locating an electrical in- 
strument with the high voltages and supposedly fragile 
vacuum tubes contained in today’s electronic instruments 
in any part of a plant having hazardous areas, was unheard 
of. Contrast that attitude with the present situation, wher 
electronic instruments by the hundreds and thousands ar 
located in refineries, chemical plants, powder plants and 
other hazardous processes. The answer is, of course, that 
engineers have been able to recognize different degrees of 
hazard in different types of instruments and to so 
control rooms as to reduce the hazard below a safe limit 
It is reasonable to expect that in the future, the same at- 
tention will be paid to connecting cables and sensitive ele- 
ments, and recognition will be made of the fact that, i 
many instances, they do not constitute a hazard, even 
explosion areas. Special cables are being developed whic! 
further reduce the hazard without the expense of using ex- 
plosion-proof conduit. 

Some of the finer details involved in choosing betweer 
the particular types of systems to be used are the likelih« 
of damage to connecting cable or wiring. Damage to con- 
necting tubing in a filled system thermometer usually neces- 
sitates the return of the instrument to the ; 


tion 
ations 


anda- 





design 


manufacture! 
for repair. On the other hand, damage to electrical wiring 
can be remedied by the plant electrician. In many installa- 
tions, even where short distances are involved, this factor 
alone is enough to dictate the use of electrical instruments 
Pneumatic transmission instruments also help in 
situation, except that there still remains a short lens 
tubing between the bulb and the transmitter. 

One advantage that pneumatic transmission has over a 
other systems, of course, is that if a leak occurs, it hisses 
at you and is thus much easier to detect. 

Where over-all dependability and continuity of opera 





tion is of paramount importance, the filled system instru 
ment, through its inherent simplicity presents the leas 
possibility of failure, if adequate care is taken to protect 
the connecting tubing mechanically. Electronic instruments 
run a fairly close second, however, in spite of their appar- 


ent complexity. Many years of plant use have demonstrate 
to users that vacuum tubes are not inherently frag 
vices. A sidelight on this is the statement of an industria 
vacuum tube manufacturer concerning the recommend 
of most instrument companies that vacuum tubes be rep/ac 
once a year, to the effect that once a tube has lasted a yea! 
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_ better probability of lasting another year than a 
new eo which might replace it. It has been effectively 
demonstrated that vacuum tubes will either fail within the 
‘ow hours of service or will last indefinitely in the 
properly designed instruments now available. 
Pneumatic transmission instruments are perhaps the 
atisfactory from this standpoint. The transmitter it- 
self, located as it usually is, in the field is most likely 
(though this likelihood still remains small) to be damaged 
or to become inoperative. Added to the transmitter is the 
receiver with its probability of failure. 

Introduction of the non-indicating type of pneumatic 


‘transmitter, with its much simpler construction, has helped 


this situation but by no means eliminated it. 

Pneumatic transmission is unique in one respect, in that 
it provides a simple indication of temperature at or near 
the point of measurement, as well as the major function 
of controlling or recording at the central point. Neither 
electrical nor filled system instruments offer this advantage. 

Where accuracy is important, the electrical type of in- 
strument usuaily offers the greatest over-all sustained ac- 
curacy with the filled system instrument coming next. The 
pneumatic type of instrument comes in last, since in gen- 
eral, the transmitter as an indicator will have the same ac- 
curacy as the filled system instrument and to this must be 
added the inaccuracy of transmission and of the receiving 
instrument. 

Owing to the much higher force/friction ratio available 
in electrical instruments, particularly electronic, and _ be- 
cause, in general, the sensitivity is not interfered with by 
slow response, the electronic instruments offer the higher 
sensitivity and hence, in many applications, the greatest 
degree of control. Filled system instruments with short 
tubing lengths, however, are nearly as good in this respect 
in many instances. Pneumatic transmission instruments are 
considerably better than filled system instruments with long 
tubing lengths, but still fall far short of ideal. It must be 
pointed out, however, that in many installations the in- 
creased sensitivity, particularly that portion of it due to 
the increased speed of response of electrical instruments is 
nullified by the use of long air lines back to the control 
valve. The obvious answer to this problem is electric con- 


; trel, and the day is certainly not far distant when an elec- 


trie control system including a valve of the same simplicity 
as the pneumatic control system for proportioning type 


‘ control must be forthcoming. 


Of somewhat minor importance is the advantage of 


; electrical measurement over filled system instruments where 
; anumber of points are to be indicated or recerded on the 


same instrument. Switching is, of course, a natural with 


; electrical instrument and many types of indicators and re- 
F corders have been devised to take advantage of this fact. 


It is worth noting that switching with pneumatic instru- 
ments is entirely possible with due consideration of value 


| design to eliminate errors from leakage and interconnection. 


A note of warning should be sounded, however. The fact 


} that measurements can be switched to provide a number of 


measurements in one instrument does not inherently mean 


| that a number of controllers can advantageously be mount- 
; ed in one instrument. Modern processes demand continuous 
; control and, so far at least, the only satisfactory way of 
| doing this is to avoid switching in the control eircuit. Ex- 


ceptions ean be made of the simpler on-off control problems, 
of course, but the more complicated proportioning controls 


' essentially require one instrument per controlled tempera- 


ture. Of course, two, and in some instances, three or even 
four proportioning controllers can be mounted in the same 
Casi here panel space is at a premium, but, in general, at 
Some sacrifice in the recording function. 

I 2 summarizes this aspect of measurement. 





FILLED SYSTEM THERMOMETERS 


‘haracteristics of the various types of Filled System 


T meters are too well known to require further de- 
te » ¢ ; 

ta xplanation here. However, a brief resume will be 
g complete the picture. 


type of filled system thermometer operates on the 


yalue 
: for industt) 


Development and Production of 


PECIAL PURPOSE 
VACUUM TUBES 


BY ECLIPSE-PIONEER 


We're not in the standard vacuum tube 
business. But we are definitely in the 
business of developing and manufactur- 
ing special purpose vac- 
uum tubes—tubes that 
are not generally avail- 
able. During the past 
three years, for example, 
our facilities have pro- 
duced, such devices as 
the Chronotron thermal 
TT-1 3000 me Temperature time delay tube, the Con- 
timited Noise Diode Tube. vectron* vertical sensing 
tube, the TT-1 3000 mc temperature 
limited noise diode tube, counter tubes, 
glass enclosed 
spark gaps, and 
phono pickup ‘N 
tubes. Quantities of “i 
all these are now Y-Type Position Conveciron— 
servin g many Vertical Sensing Tube. 
phases of industry in a wide variety of 
applications. We invite your use of our 
facilities to develop and produce your 
requirements of special 
purpose vacuum tubes. 
Your inquiries concern- 
ing the scope of our 
facilities or details of any 
of our tubes will be given 
immediate attention. 


*REG. U. S. PAT. OFF. 





Chronotron Thermal 
Time Delay Tube. 
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Easier, Quicker Inspection 
With EDER-LIGHT 





A new convenience in inspection of hard-to- 
get-at places, where ordinary lighting cannot 
reach. 


EDER-LIGHT Inspection Lamp operates from 

the regular 110 or 220 circuit. The handle con- 

tains transformer and a conveniently placed 
switch for constant or intermittent light as desired. The 
maximum diameter of bulb in flexible extension is 0.280" 
and permits getting into small places that would other- 
wise be impossible to light. 


Extensions available in various lengths, 4" to 36". Exten- 
sions, fully insulated for inspection of or between electrical 
wiring can also be supplied. Bulbs are available in metal 
mounts providing forward glare-free concentrated illumi- 
nation, or exposed to give both forward and side lighting. 


WRITE FOR CIRCULAR 


EDER INSTRUMENT COMPANY 


1847 North Halsted Street 






Available in STROKE 
and ROTARY Models 


Designed for incorporation on original equipment. 
This is the only counter made in which the entire 
case is a single casting . . . provides greater rigidity, 
tighter seal of working parts and new streamlined 
contour. This unit is compact and rugged, and fea- 
tures a flush mounted window to assure greater 
visibility of easy-to-read numerals. 


DURANT MANUFACTURING COMPANY 


1914 N. Buffum Street 114 Orange Street 
Milwaukee 1, Wisconsin Providence 3, R. I. 


Representatives in Principal Cities 
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expansion of a liquid, which may be mercury 0: 
hydro-carbon. The bulb, connecting tubing ar 
spring are completely filled with the liquid and 
itial pressure built up in the system to preve) 
space from forming, regardless of ambient condit 
an increase of temperature anywhere in the <s 


This f 
strum 
at th 
the t 
operat 
but W 


purified 
s0urdon 
igh in. 
i Vapor 
Se Since 


m will 
cause expansion of the liquid, it is necessary pr er intere: 
some form of compensation for that portion of system open § 
not immersed in the temperature to be measured. 8 com. Mgating 
pensation may take the form of a_ bimeta spira] me stat 
spring mounted in the case, which opposes the movement of The 
the Bourdon spring caused by a change in ambient mpera. maeat the 
ture. With this type of compensation, only a sh tubing ggvolum 
length, usually under 25 feet, is feasible. The ime of ggsysten 
liquid in the tubing is thus quite small and has a gligible mower 
effect on the reading of the instrument, if the tubing and condit 
case are substantially the same temperature. The instry.,ggthe 


ment thus indicates only the temperature of the bulb. upon 

Where longer tubing lengths are needed, a dua system tempe 
is used, one system consisting of the bulb, tubing and and tt 
spring, and the other system consisting of only the tubing liquid 
and the spring. The motions of the two systems are opposed the bu 
to each other, and all changes of temperature and resultant a 


Fig. @.GENERAL CONSIDERATIONS FOR CHOICE BETWEEN FILLED sysrew vapor 





TIC OR ELECTRICAL (ELECTRONIC) THERMOMETER si ent le 
PROBLEM +MORE - SUITED - LESS—> tubing 
Long distance between ELECTRICAL PNEUMATIC riutep sysre MS 
bulb & instrument oe 
Sensitivity needed ELECTRICAL FILLED SYSTEM PNEUMATIC 
for controllability <a bieta 
Over-all depend- PILLED SYSTEM ELECTRICAL PNEUMATIC {%o 
ability Pa 
Damage likely to ELECTRICAL PNEUMATIC FILLED SYSTex 
connecting tubing 
Accuracy of ELECTRICAL FILLED SYSTEM PNEUMATIC 
readings needed 
Explosion hazard PNEUMATIC FILLED SYSTEM ELECTRICAL 
exists 
Switching of measure- ELECTRICAL PNEUMATIC 
ments desired 
changes of volume along the tubing or in the spring ar 
nullified so that the pen moves only due to a change of 
temperature and volume at the bulb. 
Liquid filled instruments have uniform temperature 
scales and hence are equally readable throughout the scale 
Sensitive bulbs are relatively small. The case compensated 
type is limited to approximately 25 feet of tubing, and th 
completely compensated type may be used up to 100 o ys 
more feet. However, the expense of this system is consider. eo ™ 
: ‘ . , Mae tempe 
ably higher than any other filled system. The power devel- the . 
oped by the expansion of liquid is relatively large, so that xist 
ene ; eXISts 
narrow spans may be used for greater readability. Minimum ae 
~ by " y ) 
spans are about 40 degrees F. Hydrocarbon filled instru- arene 
ments are limited in maximum temperature to approximate- bulb 
ly 500 F., while mercury filled instruments may be used MJ pro, 
up to 1000 F. On the other hand, hydrocarbon filled instrv- wher 
ments may be used for temperatures as low as minus 300 F,, BB time 


while mercury filled instruments are limited to minimum 
temperatures of about minus 35 F. 

Gas filled instruments depend upon the change in pres- 
sure of a gas, usually nitrogen, under change of tempera- 
ture. To minimize errors due to changes of ambient tem- 
perature of the case and tubing, it is usually customary to 
use some type of bimetallic compensating spring. It is usual- 
ly necessary to use rather large bulbs to insure that the 
volume of gas in the tubing is negligible with respect to 
that in the bulb. A double capillary compensating system 
similar to that described under liquid filled systems is also 
used. 





tures 
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narr¢ 
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bulb 
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scale 
very 


Gas filled instruments cannot be used over as narroW & plica‘ 
spans due to their lower power. The minimum span is ap- Tu 
proximately 120 degrees F. Gas filled systems may, however, F 
be used over an extremely wide temperature range, from § inst) 
minus 450 F. to 1200 F. Their major limitation is due to 
the large size of the bulb. Tubing lengths may be as great 
as 200 feet. } 

The most generally used filled system instrument the BF ai, 
vapor pressure type. This instrument depends upon the op, 
principle that when a liquid and its vapor are enclosed, the F op; 
pressure of the vapor will be a function of temperature. §— qj 
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ection is quite non-linear, so that vapor pressure in- 
; are characterized by a scale with small divisions 
at the bottom of the scale and larger divisions at 
the top. This is an excellent feature where normal 
operating temperatures are higher than room temperature, 
but where temperatures down to room temperatures are of 
interest during abnormal operating conditions. A wide 
open scale of easy readability is then available at the oper- 
ating point, but the pen will also cover the lower values on 
, standard sized chart. 
The pressure in the system depends upon the temperature 
at the interface between the liquid and the vapor. The 
yolume of the bulb is so selected that all the liquid in the 
system may be contained in the bulb, if the bulb is at a 
lower temperature than the case and tubing. Under these 
conditions, the interface will be located in the bulb, and 
the temperature of the case and tubing will have no effect 
upon the reading of the instrument. Conversely, if the 
temperature at the bulb is higher than that at the case 
and tubing, all of the tubing and spring will be filled with 
liquid but there will still be sufficient liquid to fill part of 
the bulb, keeping the interface in the bulb. Vapor pressure 
instruments need no compensation for ambient temperature. 
Two special considerations must be given in the use of 
vapor pressure instruments. Where the bulb is at a differ- 
ent level from the instrument, a liquid head will exist in the 
tubing when the bulb temperature is higher than ambient 
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fig. 3. GENERAL CHARACTERISTICS OF FILLED SYSTEM TYPE THERMOMETERS 


TEMPERATURE - DEGREES FPAHR. 





{> -300 -40 6 500 1000 = 1200 
LIQUID FILLED (Hydrocarbon) 
Max. Tubing Length:100 ft. 

(25 ft. for case comp. type 


5 
Bulb Size: Small; Response-Med. 














LIQUID PILLED (Mercury) 
Max. Tubing Length: 100 feet 


Bulb Size; Small; Response: Medium 











GAS PILLED 
Maximum Tubing Length: 300 feet 
Bulb Size: Large; Response: Slowest 











VAPOR PRESSURE TYPE 
Max. Tubing Length: 300 feet 
Bulb Size: Medium; Response:Fastest 











temperature. This liquid head must be compensated for 
by an initial adjustment on the instrument. If the bulb 
temperature then goes lower than ambient temperature, and 
the tubing is filled with vapor, the liquid head no longer 
exists, and the correction would become an error. Thus, a 
vapor pressure instrument installation in which the bulb 
crosses the ambient temperature cannot be used where the 
bulb is not at the same level as the instrument without 
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THE ACME OF DEPENDABILITY 


Built upon 4 generations of 
GUARANTEED ACCURACY 


error. On any installation of a vapor pressure instrument | 


where the bulb crosses ambient temperature, there will be a 


time lag occasioned by the liquid having to move from tub- | 


ing to bulb and vice versa. In some control applications 
this time lag would be disastrous. 

Vapor Pressure instruments may be used from tempera- 
tures of minus 300 F. to approximately 560 F. Their spans, 
particularly the working portion of the span, can be quite 
narrow, owing to the expanding scale characteristics of 
these instruments. They are the fastest in response, if the 
bulb does not have to cross ambient temperature, and hence 
are the most all-around useful instruments of the filled 
instruments. In some instances, 
scale is a handicap, and the fact that they will not stand 
very much overrange limits their usefulness on some ap- 
Plicat ns, 

Tubing lengths may be as great as 300 feet or more. 

_ Fig. 3 summarizes the applications of the filled system 
Instr ents. 


system 


ELECTRICAL INSTRUMENTS 


trical instruments, for practical purposes, may be 
dis into those operated with resistance bulbs, those 
ope | with thermocouples, and radiation type. Since the 
opt ype does not apply to most process work no further 


their non-linear 


Before going into the | 


On deck, in cabin, or engine room whether 
to indicate temperature readings, or to take 
soundings — whether to measure fathoms, 
or determine trim and heel measurements— 
Moeller Marine Instruments have set the 
standard of accuracy for dependability in 
the Marine field for almost half a century. 


Send for catalogs and literature on 


INDUSTRIAL, LABORATORY 
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THERMOSTATS * HYGROMETERS 
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CONTROL 
DETERMINES ITS QUALITY 


CCURATE control of temperature or pH is vital to modern heat treating or chemical 
processing. because only in this way can uniform quality be obtained under 
Potentiometers have made such control possible, and “the heart” of these instruments in 
most cases. for over 25 years. has beon the Eplab Standard Cell. This cell is a “yardstick” 
for the translation of voltage to P The first ial cell of its type. constant 
research has made it “as standard as sterling”. 


When you buy potentiometers, specify Eplab Standard Cells. 


THE EPPLEY LABORATORY, INC. 


SCIENTIFIC INSTRUMENTS + NEWPORT, BR. 1., U.S. AL 



















































Consult our optical engineers for all your 


HIGH VACUUM COATING 


of lenses, prisms and specialized optical systems 


FIRST SURFACE MIRRORS 
PLASTIC METALIZING 


PACIFIC UNIVERSAL PRODUCTS CORP. 


Pioneers and Specialists in High Vacuum Coating 
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details of electrical instrument construction, let us e 
the relative merits of the three types. 
The resistance type instrument measures the res 


of a coil of wire which is subjected to the tempera: te 
be measured. Thermocouple instruments measure th It. 
age generated by a pair of thermocouple junctions, at 
the temperature to be measured and the other at ru. 


ment temperature. Since, in general, there is no i: 
in the instrument temperature, some means of comp 


diant energy upon either a thermocouple or a resi 
element located at a distance from the radiant body 
temperature is being measured. When a thermocouple js 
used in the radiation head, the same problem of cold june- 


nose 


tion compensation must be met. In this case, the actual 
temperature difference being measured is the difference 
between the exposed thermocouple junction, or junctions, 


and the junction or junctions which are shielded from the 
radiant energy. Ambient temperatures at the instrument 
usually do not affect the readings. 

Resistance bulbs may be built to operate at temperatures 
from almost absolute zero up to as high as 2000 F. Thermo. 
couples of various types may be built to operate at tem- 
peratures from approximately minus 325 F. to 3000 F. Ra- 
diation elements may be used to much higher temperatures, 
ranging in eommereial installations as high as 3300 F. or 
more. Recent developments in the field have made radiation 
elements available for temperatures as low as 200 F. Thus, 
there is a decided overlap in the ranges which may be meas- 
ured by the three types. 

Radiation elements have a distinct advantage in that 
they do not have to actually contact the body or the fluid 
being measured. Their use in lower temperature measuring 
devices is usually confined to measuring the temperature of 
moving objects or of objects which would be marred by 
contact with either a bulb or a thermocouple. However, 
radiation elements are inferential just because they do not 
touch the medium being measured, and hence their accuracy 
and stability depends a great deal upon the way in which 
they are installed. In general, particularly for the lowe: 
temperature applications, it is necessary to calibrate the in- 
struments in place and such factors as dust in the atmos- 
phere, or the presence of other radiating bodies, may have 
very bad effects. Temperature scales on radiation instru- 
ments are normally quite non-linear, which makes them 
difficult to use over extremely wide operating ranges. The 
fact that their calibration and accuracy depend to a very 
large extent upon their method of installation and mainte- 
nance tends to make radiation units a last resort as a meth- 
od of temperature measurement where other elements art 
unavailable. 

Thermocouples have a distinct advantage in being small 
and relatively inexpensive. In many cases, the user can 
manufacture his own thermocouples with a _ satisfactory 
degree of accuracy. On the other hand, in actual use, it is 
usually necessary to protect the thermocouple by means of 
a socket or protection tube, so that the over-all size becomes 
comparable with the over-all size of modern resistance bulbs 
and resistance bulb assemblies. 

Bare small-gage wire thermocouples have perhaps th 
fastest speed of response possible, but here again, in prac- 
tical use, the wire gage must be sufficient to make the 
thermocouple rugged and this factor and the usually neces- 
sary use of protection tubes slows the response until it is 
comparable with modern resistance bulbs and assemblies. 

The major drawback to the use of thermocouples is the 
necessity of cold junction compensation. In any instrument 
circuit, there are additional junctions between the various 
resistors, capacitors or other elements of the circuit, each 
of which acts as a thermal junction. In practice, all thes¢ 
junctions are located as close together physically as prac- 
tical and surrounded by a shield, so that they all tend 
remain at the same temperature. A temperature sensitive 
element is inserted in the circuit and is also mounted within 
the same shield, so that an over-all change of temperature 
of the shielded area is sensed by the temperature sensitive 
element, and the necessary correction applied automatical|y 
Even though the correcting voltages involved are extrem 
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, compensation can be made quite accurate, if enough 
is allowed for the temperatures in the shielded area 
to siabilize. In actual practice, however, the temperature in 
the shielded area is constantly changing and hence tran- 
sient conditions are set up which prevent the compensation 
from ever becoming completely effective. These transient 
' conditions are intensified in an electronic instrument by 
the presence of heating elements, such as the vacuum tubes 
and transformers, which are good sources of radiant heat 
to affect the shielded area. Thus, the over-all accuracy of 
compensation is normally not better than 1 or 2 degrees F. 
under normal ambient temperature changes. 

Small variations of this order are not important where 
the instrument scale covers a fairly large span. In gen- 
eral, it may be stated that if the instrument scale is more 
than 500 F. wide, other errors will be larger than the com- 
pensation error. However, if it is necessary to go to a nar- 
rower span instrument, the compensation error becomes im- 
portant. In control applications, compensation errors lead to 
control point instability, so that even though the pen may 
be drawing a straight line, the actual temperature (and 
end product quality) may be wandering, owing to com- 
pensation errors. 

Here again, the width of the scale is a criterion as to the 
importance of the compensation error. If the process can be 
controlled with an instrument with a span of greater than 
500 degrees F., it normally will not be upset by compensa- 


p sma 
tim« 



































ric, &, CRITERIA FOR CHOICE BETWEEN RESISTANCE-THERMOCOUPLE- 

RADIATION WIDTH OF SCALE (Span covered regardless of 
working temperature) °F, 

ee € T T sal 

05 300 500 1000 Above 1000 

. PaaS ee ae Ss oS “2 a 

r | Resistance Bults - Temp, -300 - J200°F._ 5 

4 .--rhe inles_- Temp, -300 - 2800°P, > 

al tation - Temp, (200) - 1000 - 3300°R» 

afl. tarce Bulbs - Temp, -300 - 1200°F | 

8 Resistar.ce ul be. ~ Temp. 230 y_ ~_1200°F 

5 _. Thermocouples - Temp, -300 - 2800°P, ° 

eo a a ae ae a a oe ce oe a ae Re 

be Radiation - Temp. (200) - 1000 - 3300°F > 





tion errors. However, if such an instrument does not give 
adequate control, it is rather useless to go to a narrower 
span instrument in an effort to improve control. 

Resistance bulbs have a distinct advantage in not requir- 
ing compensation. The limiting factor in over-all stability 
in a resistance instrument is the stability of the resistance 
bulb itself and of the instrument. Since the over-all stabil- 
ity of the instrument is usually a constant whether the full 
scale of the instrument covers 500 or only 50 degrees F., 
and since the instability of resistance bulbs can be made a 
negligible factor, resistance instruments are usually capable 
of cleser control than any other form of measurement 
where narrow spans are feasible. 

It might be noted in passing that before the advent of the 
electronic instrument, the sensitivity of the galvanometer 
was the limiting factor as to the narrowness of the instru- 
ment span. This is no longer true with electronic instru- 
ments in general, but for spans of less than 500 degress F., 
the resistance type of measurement normally offers a 
greater stability. 

Obviously, for temperatures above that at which resist- 
ance bulbs may be used, it will. be necessary to use thermo- 
couples, but fortunately, temperatures in this higher range 
are not usually critical to a matter of a degree or two. The 
obvious advantages of the resistance type of measurement 
have forced the design of resistance bulbs for ever increas- 
ing temperatures. A few years ago, standard bulbs were not 


available for temperatures above 600 or at most 1000 F. At 
this time, however, a number of manufacturers make resist- 
ance bulbs for use as high as 2000 F. and constant explora- 
tion of new materials will undoubtedly produce resistance 
bu for even higher temperatures. 

Constant improvements in resistance bulb manufacture 
have now made available resistance bulbs which may be 
u in sockets without sacrifice of speed of response, and 
without requiring special sockets. The cost of replacement 
elenents is being driven down. At the present time, replace- 


met elements are available for one-quarter the cost gener- 
ally in force ten years ago. Another factor in cost is that 
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FOR THE RAPID AND PRECISE 
READING OF OSCILLOGRAPHIC RECORDS 


The new TELEREADER, Consolidated Type 25-105, offers 
a rapid means of measuring, analyzing, and tabulating data 
from oscillographic records, either on film or paper. The 
image is magnified 2.5 times and projected on a 15” x 30” 
ground-glass screen, together with the image of the manu- 
ally adjustable reading crosshairs. 

The position of these crosshairs is automatically recorded 
by binary electronic counters in the TELECORDER to 
0.001” on the record. The numbers standing in these 
counters are then automatically punched into IBM cards, 
together with correction or calibration factors, coding sym- 
bols, or other necessary identifying information. These 
punched cards can be processed through a wide choice of 
automatic sorting and computing operations through the 
use of IBM machines. 


When using the TELECORDER, Consolidated Type 
25-101, with the TELEREADER, the reading of data be- 
comes a simple, rapid, and efficient operation. Operator 
fatigue is minimized and the accuracy far exceeds manual 
reading. Up to 40 points per minute can be read by a 
reasonably skilled operator. 
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card- 


Independent operation of 
TELEREADER without the 
punching feature is possible through 
the visual reading of a digital count- 
er, provided as a standard feature. 


For further information, send for 
Bulletin CEC 1518-X1. 
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A CONSTANT RATE OF FLOW, regard- 
less of variations in upstream or downstream pressure! That's the job 
that ConoPurge does when used with air or liquid purging systems 
or with bubbler type pressure gauges in liquid level applications 

The CONOPURGE system consists of sight feed bubbler or indica- 
ting rotameter with adjustable needle valve and a CONO DIFFER- 
ENTIAL PRESSURE REGULATOR. Either gas or water can be used 
as a purging medium. 

Available in %'' NPT size only, for inlet pressures to 150 psi, 
and with 1% psi and 3 psi fixed differentials 


WRITE TODAY FOR BULLETIN H-11 


CONOFLOW CORPORATION 
2100 Arch St., Phila. 3, Pa. 













Ideal for second operations on instrument parts or other 
small pieces. 4” swing—collet capacity 5/16” or 3/16”. 
Send for Bulletin “F’ containing a complete description of 
lathes and accessories. 


LOUIS LEVIN & SON, INC. * 782 EAST PICO BLVD. * LOS ANGELES 21 
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resistance bulbs are generally more rugged in consi 
than thermocouples and hence do not require repla 
as frequently. 

Fig. 4 gives a summarization of the relative app] ons 
of electrical types of measurement. 

CIRCUITS OF ELECTRICAL INSTRUMENTS 

Perhaps the best way of discussing the various fo) 1s of 
electrical instruments available is to touch briefly u; 
basic circuit principles utilized. 

The simplest form of electrical instrument is the direct 
deflection type, which is essentially an indicating voltmetey. 
For thermocouple and thermocouple radiation elem: 
high resistance d’Arsonval type movement is used 
higher the thermocouple voltage, the larger the c 


1 the 


te ¢ 
oS, a 


The 


irrent 
drawn through a direct deflection instrument and the great. 
ter the deflection. A high resistance circuit keeps this ey. 


rent and the consequent I-R drop in the thermocouple and 
lead lines to a minimum. However a baisc limitation of 
this type of instrument is that this I-R drop is still pres. 
ent, and unless the thermocouple and lead line resistance js 
held constant, it results in relatively large errors. 
Another drawback of this type of instrument is that there 
is little power available for such functions as controlling 
and recording. Recording instruments have been made 
which periodically depress the pointer against an inked 










tape, which in turn makes an impression at the appropriat 
point on a chart. The mechanical maintenance and inac- 
curacy of such instruments have virtually obsoleted them 
at this time in favor of the more rugged potentiometri: 
type instruments. 

Control of an essentially on-off nature may be effected 
with these instruments through the use of capacitance o1 
inductance elements through which the pointer passes trig- 
gering off an electronic circuit to operate relays. Sharpness 
of control is entirely adequate for many simple control jobs, 
but is limited by the instability of the control pick-up and 
the errors of the deflection system. Controllers of this type 
are, however, the least expensive electric controllers avail- 
able, and their use is widespread for simpler control jobs. 

One example of a recording instrument operating on the 
deflection principle that is now generally available utilizes 
the same type of electronic pick-up mechanism to drive a 
reversing motor which positions the pen on a strip chart in 
accordance with the position of the pointer. The sensitivity 
of this instrument is relatively low, though adequate for 
some recording jobs. It, of course, suffers from the same 
limits of accuracy as the deflecting pointer itself. 

Most of the remaining types of electrical instruments 
operate on some variation of the Wheatstone bridge. A 
Wheatstone bridge consists basically of four resistances 
connected in a network, as shown in Fig. 5, with a source 
of voltage applied across points A and B. From the funda- 
mental Ohm’s Law that the current flowing through a re- 
sistor is equal to the voltage across the resistor divided b; 
the resistance of the resistor, we may deduce that the volt- 
age drop across a given resistor is equal to the product of 
the resistance times the current flowing. 

For simplicity, let us assume that the battery supplying voltagé 
points A and B has a value of 100 volts, and that point B is gré 
or at The current through 
R2 will then equal 100 volts divided by the sum of Rl and R2. H 
the same current will flow through both resistors, since there is n¢ 
else for it Similarly, the current, I2, will flow 
resistors R3 and R4, though this current will be different from I1 
the sum of R3 and R4 is equal to the sum of R1 and R2 


zero potential. flowing resistances 


to go same 


The voltage drop through R1 will then be E1 equaling R1 tiny 
The voltage drop through R2 will be E2 equaling R2 times [1 
ratio of voltage drop, El to E2, will be the same as the ratio 
resistances R1 to R2, since the current cancels out 

Let us now assume that R1 is 100 ohms and R2 is 300 ohms 
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lrop then through R2 will be 3 times that through R1. Tn other 
»ne-fourth of the voltage drop will occur in R1 and three-fourths 
yp will oceur in R2, One-fourth of 100 volts is 25 volts, so that 
t drop will occur in R1 putting point C at 75 volts, Following 
three-fourths of 100 volts is 75 volts, making the voltage drop 


throug a 
R2 75 volts and making the voltage at B zero, as we started 


throug 
out 

It § 
the b 


vuld be noted that the relative voltages in the A-C-D section of 
dge will be unaffected by changes in resistance in the A-D-B 
section of the bridge, unless, of course, the resistances on either side 
became so low as to draw down the battery voltage. Hence, as long as 
Ri equals 100 ohms and R2 equals 300 ohms, the voltage at C will be 
75 volts regardless of the values of R3 and R4. 

Let us assume that R3 is 200 ohms and R4, 600 ohms. By the same 
reasoning a8 we went through above, three-fourths of the voltage drop 
will then oceur in R4 and only one-fourth in R3, and point D will also 
he at 75 volts. If we now close the switch to voltmeter, and connect 
it between points C and D, we will see zero voltage indicated, since 
poth pojnts C and D are at the same voltage. Under these conditions 
the bridge is said to be in balance 

Let us now assume that R4 is a resistance bulb, and that its resistance 
has changed as a result of a change of temperature to a value of 200 
ohms instead of the original 600 ohms. Since R3 now equals R4, the 
voltage drop through them must be equal or one-half of the voltage drop 
occurs in each resistor, Thus, point D is now at 50 volts. If we 
sider our voltmeter to be an extremely high resistance voltmeter so that 
negligible current is drawn between points C and D, we will see that the 
voltmeter will now register 25 volts. Let us define this 25 volts as nega 
tive, since point D is lower in voltage than point C. 

We can rebalance the bridge by making R2 a rheostat and adjusting 
it te a value of 100 ohms, which is equal to Rl. This makes the voltage 
drop through R1 and R2 equal, so that point C will now be at 50 volts 
and our voltmeter will again read zero volts 

If our resistance bulb, R4, is now subjected to an increased tempera- 
ture again and returns to its original value of 300 ohms, point D will 
become 75 volts and our voltmeter will show a deflection of 25 volts in 


con 


the opposite direction, since point D now is higher than point C in 
voltage 
4 
+ £4 
c 
A B ° 
- B 
Fig. 6 
9) fig. 7 


Here we have all the essentials for automatic balancing. 
We have a voltmeter, or a galvonometer which shows zero 
deflection when the bridge is balanced, deflects one way 
when the temperature decreases and deflects the other way 
when the temperature increases. From the above discussion, 
you will note that R2 is always in the same ratio to R4, 
when the bridge is balanced, as R1 is to R3. Since we know 
the ratio of R1 to R3, we can calibrate R2 in terms of the 
resistance of R4 and, in turn, in terms of the temperature 
of resistance bulb R4. 

Mechanical resistance type instruments generally operate 
on this scheme. The position of the galvanometer pointer is 
detected mechanically by various means, and the amount 
of its deflection causes a motor to drive a rheostat or slide- 
wire in the proper direction and amount to rebalance the 
bridge. The actual calibration of the voltmeter is unim- 
portant, since it will only affect the speed with which the 
slidewire contact and attached pen will balance. As long 
as the galvanometer returns to a given position for zero 
voltage, the pen will read correctly. 

When it is desired to use this type of instrument for meas- 
uring thermocouple voltage, the thermocouple may be in- 
serted in series with the galvanometer as shown in Fig. 6 
In this instance, the bridge is purposely unbalanced to 
create a voltage between D and E exactly equal and op- 
posite to the voltage created by the thermocouple between 
points C and E. These two voltages cancel and the galvan- 
ometer shows zero voltage difference between points C and 
D, In this case, a slidewire is calibrated in terms of the 
voltage unbalance it creates in the bridge and, in turn, in 
terms of temperature of the thermocouple producing the 
bucking voltage. 

\n interesting use of this principle is made in the Fox- 
boro “4000 Type’ Potentiometer Controllers. In these in- 
struments, the slidewire is positioned manually so that the 
galvanometer will indicate zero unbalance when the thermo- 
reaches the desired temperature. A motor-driven 
chopper bar detects the position of the galvanometer pointer 
e ten or twenty seconds. If the temperature decreases, 
| the valvanometer deflects slightly to the left, the chopper 
bar falls past it and actuates one set of contacts. If the 
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For Checking Calibration of 
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Filling a long-felt need, this unit 
offers many advantages. 


















All stainless steel with precision 
bore tubing. Sliding magnifier 
for readings down to 0.2” of 
water — and mirror that avoids 
parallax in reading. 


Scale is graduated in inches of 
water pressure, using mercury 
calibrated dry. Range is 0-110” 
of water. Valve at instrument 
well and fitting at top of indicat- 
ing tube prevent loss of mercury 
when manometer is transported. 


Provided with bubble level and 
universal ball and socket type 
clamp which permits mounting 
to meter piping — up to 14" size. 
Complete assembly — including 
mercury and length of rubber 
tubing — is housed in metal 
case 5” wide, 3”’ high, and 
14” long — total weight, 
71% pounds. 
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Can be completely dis- 
assembled for cleaning. 
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Catalog Sheet B2862. 
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temperature increases slightly and the galvanomete) 
ates slightly to the right, the chopper bar falls on top 


: galvanometer pointer and actuates a different set 
SHALL a ; tacts. The instrument is a true null balance inst) 
5 and, in common with other instruments of this 
draws negligible current from the thermocouple at t! 
DECADE RESISTANCE BOXES ance point. Hence, the lead wire resistance does not 
accuracy, but only affects the sensitivity. 
If we use the basic circuit shown in Fig. 6 and ) 
the galvanometer with a chopper or vibrator, the unb 
laboratory standards voltage will appear as an alternating voltage. If t! 
balance is in one direction, the unbalance voltage w 
. pear as in line A in Fig. 7. If the unbalance voltag: 
Widest the other direction, it will appear as in line B. If t! 
no unbalance voltage, the chopper will have no effe: 
assortment ‘ A there will be no voltage as in line C. A simple alternating. 
: voltage vacuum-tube amplifier may be used to greatly am. 
plify the unbalance voltage shown in Fig. 7. By passing 
on the this voltage through a phase discriminator, which will }y 


market! /\ 


1 to 7 dial types for 


OVER 40 TYPES AVAILABLE 
Shallcross Decade Resistance Boxesareavail- 
able from stock from 0.01 ohmto 11,111,110 


Fig. 9 
discussed briefly below, it may be used to drive a reversible 
; 2 motor to position the slidewire contact. This eleminates the 
ohms—in ranges, styles and prices to match galvanometer and, by making it possible to detect much 
your particular requirement. Write for smaller unbalance voltages, greatly increases the sensitiy- 
Shallcross Decade Resistance Box Bulletin. ity of the instrument. The final block diagram is something 

Pe similar to Fig. 8. 
Shallcross Mani: facturing Co. in all of these instruments, it is necessary to standardize the sup 


: voltage, since, if we refer back to our original discussion, it will } 
Dept. 1$-30 Collingdale, Penna. noticed that the actual voltage existing at points C and D. and her 
their voltage difference, depend upon the voltage supplied by the batter 
This standardization is normally done by comparing the voltage of the 
battery to that developed by a standard cell, which has a very consta 
voltage, and adjusting a rheostat in the battery line until the voltage supp 
to the bridge is a known value. This standardization may be done manua 
or automatically at definite intervals. There are some disadvantages t 
standardization in that it interrupts the recording or controlling process 
and if neglected, or if battery ehanging is neglected, large errors n 
result. 

If we go back to Fig. 5 and make the Wheatstone bridg: 
an alternating instead of direct voltage bridge by replacing 
the battery with an alternating voltage source, we will fin 
that when the bridge is balanced, the voltage at C will al- 
ways be exactly equal to the voltage at D, even though the 

ee source voltage is varying, as in line A of Fig. 9. By a simple 

BOILERS, TANKS, ¥ deri : t » which would ke l his - 

erivation, but one which would take too long at this time, 

EVAPORATORS, HEATERS, it can be shown that if the bridge is unbalanced in one di- 

STANDPIPES, etc. rection, the unbalance voltage will be an alternating voltage 

sat S of the same frequency as the source and varying as shown 

in line D of Fig. 9. If the bridge is unbalanced in the other 
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direction, the unbalance voltage will vary as in line C. Ob- 
viously, if an alternating-current voltmeter were placed be- 
tween points C and D, it would show whether the bridge 
was balanced or unbalanced, but would be incapable of 
showing which direction, so that it could not be used for 
automatic balancing. Here again, however, the unbalance 
voltage may be passed through an amplifier (without need 
of a vibrator, since it is already alternating) and greatly 
amplified and then passed through a phase discriminating 
circuit which detects which direction the bridge is un- 
balanced and drives a reversible balancing mechanism to 


299 Grant Avenue, Lyndhurst, New Jersey reposition the slidewire. ; 
A simple phase discriminator circuit which is used quite 


generally is shown in Fig. 10, the block diagram of this 
type of instrument. The unbalance voltage, as shown in 
Fig. 9, is impressed between the grid and the cathode of 
two triode vacuum tubes. Transformer windings G, H and 
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secondaries of the same transformer. Thus, winding 
ilies the source voltage shown in line A, Fig 9. Wind- 
is so connected that the plate of tube M is positive at 
the sume time the source voltage is positive, while winding 
anected so that the plate of Tube N is negative when 
the source voltage is positive. When the bridge is balanced, 
and there is no unbalance voltage, tubes M and N act as 
simple rectifiers, and the current flowing in coil P, is shown 
by line A in Fig. 11. The current flowing through coil Q 
is shown by line B in Fig. 11. Owing to the connection of 
winding J, these two currents are equal and opposite so 
that equal pull is exerted by coils P and Q. The voltages 
+ + A 


Fig. 11 Fig. 1a 


are 90 degrees out of phase, but the filtering effect of the 
coils and the inertia of the cores in the two coils, or of an 
armature, if the two coils are the fields of a reversible 
motor, prevents oscillation. 

If the bridge were unbalanced in one direction so that 
the output voltage appeared as in line B in Fig. 9, every 
time the plate in tube M became positive, the grid in tube 
M would also become more positive and permit more current 
to flow through coil P. At the same time, every time the 
plate in tube J became positive, the grid in tube M and N 
would become more negative and less current would flow 
through coil Q. The result would be shown as in Fig. 10. 
This would result in unequal pull in coils P and Q, and if 
the armature were connected to a slidewire, would cause it 
to move until the unbalance voltage is reduced to zero, and 
the current and pull of the two coils was again equalized. 

Similarly, if the bridge was unbalanced in the other di- 
rection, so that the unbalance voltage appeared as in line 
C of Fig. 9, the pull would be reversed, and the slidewire 
would be moved in the other direction. 





BAL. COND. 





ZeROSET 





VOLT. |_| UNBAL [| POWER 
amp..f-] OET a AMPL. 


| [1000 cP} Fig. 13 


It will be noted that the vacuum tubes in all of these 
electronic instruments do not affect the calibration of the 
instrument in that they merely amplify unbalance voltage. 

The basic principles of this type of circuit are used in 
most of the resistance type electronic instruments today. 
One type utilizes a similar circuit, except that it uses satur- 
able core reactors for power amplification. In all of these 
instruments, coils P and Q would represent the fields of a 
reversible motor. 

Going back to Fig. 10, since we are now operating on 
alternating current, we can substitute a capacitor for re- 
sistor Rl, and so select the capacitor that it will have an 
impedance at a given frequency equal to the impedance of 
resistance Rl. By applying capacitors to both sides of the 
bridge that is in place of both R1 and R2, the impedance 
ratio will remain constant, even through frequency changes, 
so that the bridge balance will be independent of frequeney. 

This is the principle shown in Fig. 13 and is used in the 
Foxboro Resistance Dynalog, where one capacitor is 
mounted on the rotating shaft of the crossarm and is re- 
positioned instead of repositioning the conventienal slide- 
wire. Use of a balancing capacitor of the air type elemin- 
ates slidewire wear and removes the limit of sensitivity 
caused by the turn-to-turn steps of a slidewire. 

Since the pen of a circular chart instrument only moves 
45 degrees, the balancing capacitor is designed to have only 
45 degrees full travel. This permits replacing the conven- 
tional motor and gears with a pair of opposed solenoids 
as shown in Fig. 13. : 

e major remaining type of electronic instrument, which 
has not been covered above, is the Foxboro EMF Dynalog 
insirument. This instrument operates on a unique type of 
messuring eircuit, which may be briefly described as fol- 
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a capacitor is connected to a source of voltage and 
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Decrease 
For POSITIONING, REMOTE CONTROLLING (as in servos) and 
TELEMETERING. When conditions are “normal,'’ armature is 
forcibly maintained in o balanced condition, all circuits open. 
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Initioting over-conter Controlled 
Element i (( Magnet toggle Functions 
Abnormel (2nd pos.) 
For SWITCHING, OVERLOAD PROTECTION, etc. Momentary 
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remains “latched” until electrically reset. 
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Direct Reading—No Parallax Error 


Series 1215 
(Portable) 


DWYER Bulletin 171 


sent on request 






Series 1230 
— (Wall Mounting) 


F. Ww. Dwyer Mfg.Co. 


305 South Western Avenue, Chicago 12, Illinois 
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RANGES AVAILABLE 
One Rotation 
of Chart 
7 Deys 
24 Hours 
24 Hours 
7 Deys 
24 Hours 
24 Hours 


Temperature 


7 Deys 
24 Hours 
24 Hours 

8 Hours 
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RECORDING THERMOMETER 


The TEMPSCRIBE self-registering Recording Thermometer meets a long- 
felt need for a moderately priced recorder for general purpose applications 
where a graphic record of temperature in surrounding air is required. The 
record—written on an easy-to-read chart, 4’ in diameter, with graduations 
spaced uniformly over full range—is indispensable wherever knowledge is 
desired if temperature goes above or below any given point. TEMPSCRIBE is, 
the only recorder made with pen and actuating element in door, which, when 
opened, permits a clear view of the complete chart, and easy chart replace- 
ment without danger of damaging pen arm or accidentally marking chart. 


MOTOR OPERATION RECORDER ALSO AVAILABLE 


tor recording any cycle corned out by interrupting an electric current, such os start. 
ing and stopping motor, fon, heater, sign, etc 


Write for Bulletin 715 


BACHARACH INDUSTRIAL INSTRUMENT CO. 
7000 Bennett Street + Pittsburgh 8, Pa. 








fully charged, the charge, or amount of electricity red 
in the capacitor will be equal to the capacitance tim the 
voltage. This is, of course, as exact a law asI = E :. |, 


| the Foxboro EMF Dynalog instrument one capaci of 
known value is charged from the thermocouple and a 
| variable capacitor is charged from the standard cell. | hese 
| two capacitors are then discharged into each other. |! the 


ther 


two charges happened to be exactly equal, they woul: dis. 
sipate into each other and there would be no resultant 
voltage left over. In other words, there would be no vy tage 
between points C and D of Fig. 14. If, however, the charge 
in capacitor B were greater than that in capacitor A, point 
C would be negative with respect to D, owing to the result. 
ant for left-over charge. On the other hand, if the charge jy 
capacitor A were greater than that in capacitor B, point ¢ 
would be positive with respect to D. This alternate charg. 
ing and discharging is carried out by a vibrating switch 


| operating at line frequency. Thus, 60 times a second, either 
| a negative or a positive pulse of voltage will appear be- 
tween points C and D, unless the two charges are equal, A 


plot of the voltage between points C and D would look the 
same as that shown in Fig. 7, which is repeated here for 
convenience. 


The unbalanced voltage is amplified and phase dis- 
criminated in exactly the same way as in Fig. 10 or 13, 


| windings H and J in this case being secondaries of the 


same transformer which supplies the voltage to the vi- 
brator. If the pulse is negative, the two coils P and Q will 
reposition balancing air capacitor B so as to decrease 
its capacitance. This will continue until the capacitance of 
B has been decreased enough to make the charge in B equa! 
to the charge in A. At this point, there will be no unbal- 
ance voltage and the instrument will come to rest. Since 
the two charges are equal, the two products Ca X Et 
and CB x Es must be equal. Since CA is known, as is Es, 
the voltage of the standard cell, the balancing capacitor 
and the connected pen can be calibrated in terms of the 
unknown voltage ET and in terms of the thermocouple 
temperature. 

In this instrument, the advantages of the balancing 
capacitor are retained and, in addition, owing to the fact 
that only a minute current is needed to charge capacitor CB, 


. | the current can be drawn directly from the standard cell, 


| eliminating the need for a battery or for standardization 


MARSHALLTOWN riguse 53 is a very 


sensitive instrument utilizing a diaphragm for pressure 
communication, and is recommended for extremely 
low pressure service. 


The following standard dials reading in inches of 
water are available—0-15" 0-30" 0-60" 0-100” 0-150”. 


Ounce graduated dials can also be supplied in a 
range from 16 ounces to five pounds. 


It is available in the 242”, 342", and 442” dial sizes 
and mounted in a black enameled, deep steel case. 
Write for details and price, 


MARSHALLTOWN manufactures one of the most 


complete lines of indicating pressure gauges—there is a 
Marshalltown gauge for every purpose and pressure. 
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The same small value of current is drawn from the thermo- 
couple. Since at the time the capacitor Ca is fully charged 
and the thermocouple voltage is actually being measured, 
there is no current drawn from the thermocouple, the im- 
pedance of the thermocouple lead lines may be many tens of 
thousands of ohms without affecting the operation of the 
instrument in any way. 
CONCLUSION 

Thus, we see that there are many types of temperaturé 
measuring instruments. In all of them, careful considera- 
tion must be given to the methods of installation of the 
sensitive element. No instrument can measure a tempera- 
ture unless the sensitive element is actually subjected to 
that temperature. If the element is insufficiently immersed, 
it will read some average between the actual temperature 
and surrounding ambient temperatures. If it is located 
in a_ pocket, it will not receive prompt notification 


| of change in temperature, and no instrument can over- 


come this difficulty. All forms of instruments have thei! 
place. It is foolish to attempt to overcome poor installation, 
or, for that matter, the poor design of a process unit m¢ re- 


' ly by installing an electronic instrument in place of a fil 


Marshalltown Mfg. Co., Marshalltown, lowa 


system instrument. The vast majority of present-day «p- 
plications can be admirably met by filled system instru- 
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ments, but, on the other hand, the greatly increased poten- 
tialities of the electronic type instruments for sensitivity, 
speed! and accuracy should not be neglected because of 
their apparent complexity, or because of archaic codes of 
installation. 

Virtually unexplored fields in industrial temperature 
measurement and control will be tapped through the more 
general use of such things as thermistors and through 
the development of electrical controls. All in all, it seems 
safe to conclude that ever increasing demands in process 
temperature measurement and contro! will continue to be 
met by increasing development and refinement of instru- 
mentation principles. 


— 
Just published 
“HEAT INERTIA” 


IN PROBLEMS OF 
AUTOMATIC CONTROL 
OF TEMPERATURE 


By VICTOR BROIDA 


A new treatment, based on the concept 
of the “fictitious mass” of the heat- 
process unit under automatic control. 





Stiff paper, 5% x 8% inches, 64 pages 


$1.00 POSTPAID 


Payment must accompany order 


INSTRUMENTS PUBLISHING COMPANY 


921 Ridge Ave. Pittsburgh 12, Penna. 














A RECORDING MECHANICAL COUNTER 


Actuated by an 
Electrical Impulse 


it operates on the out- 
put of a scaler, photo 
tube, or other electrical 
unit . . . permanently 





records counts on a 214” 
tape . . . automatically resets to zero. 


In Radioactive Research it saves precious time 
by eliminating many hours of manual labor, result- 
P D d ’ 


ing in greater economy and efficiency. 


In industry it maintains a permanent record auto- 
matically, recording production and time each hour. 


Write for complete information and 
illustrated circular SC 13. 


STREETER-AMET COMPANY 


AUTOMATIC WEIGHT RECORDERS & SCALES 
HIGH SPEED COUNTERS SINCE 1888 
4101 Ravenswood Ave., Chicago 13, Illinois 
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No. 37 —Product of 
Westinghouse Electric Corp. 
Sharon, Pennsylvania 





Record of 
Chace Bimetal-equipped 


Westinghouse Transformer 
Circuit Breakers 


Here's proof of Chace dependability. Field 
performance records of over 4,000,000 Westing- 
house "CSP” Transformer-Years of service on units 
equipped with Westinghouse circuit breakers, show 
that operation has been over 99.9% free of any 
trouble! Actuating element of the breaker is the 
Chace Thermostatic Bimetal stamping shown. 

Our customers know us as producers of thermo- 
static bimetal in strips, coils or in the finished piece. 
Important to the user of bimetal, however, is uniform 
processing during fabrication. Bimetal requirements 
are such that the fabricator must be thoroughly 
familiar with their applications. Many customers, 
such as Westinghouse, take advantage of our 
extensive facilities for supplying stamped, machined 
or assembled bimetal elements. This assures absolute 
precision control through the entire manufacture 
of control components for their products. 

If the actuating element for your control device 
is thermostatic bimetal, Chace can furnish it com- 
pletely fabricated—ready for assembly. Your 
bimetal requirements can be determined easily and 
quickly by consultation with our engineering depart- 
ment. We are completely equipped to serve you, 
and invite your inquiry. 


Pe 


1609 BEARD AVE., DETROIT 9, MICH. 
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Vagal 
SUURCE 


FOR 


LIQUID-IN-GLASS 
INSTRUMENTS 


PRINCO means highest quality. 
g q y 
PRINCO has the complete line— 


able to fulfill your exact requirements. 


THERMOMETERS 

Chemical, armored, industrial and spe- 
cial purpose thermometers of every type. 
For temperature ranges from —384 to 
+1200° F. 


HYDROMETERS 

Laboratory and Industrial types individ- 
ually calibrated for general or specialized 
uses including the sugar, distilling, petro- 
leum, dyeing industries, etc. 
ABSOLUTE PRESSURE GAUGES 
Naval and Industrial types requiring no 
barometric pressure correction. Avail- 
able with alarm or control contacts. 


THERMOSTATS and 
THERMOREGULATORS —Fixed or 


adjustable electric contacts for high accu- 
racy alarm or control functions. 


BAROMETERS— Mercurial. 


HYGROMETERS - PSYCHROMETERS 


SEND FOR LITERATURE on any 
type of  liquid-in-glass instruments. 
Specify your interest or ask for a copy 
of “The Princo Line.” 


THERMOMETER & INSTRUMENT COMPANY 


> ‘ 


PRECISION INSTRUMENTS FOR INDUSTRY 
1437—Brandywine Street, Philadelphia 30, Pa. 
in Canada: PEACOCK BROTHERS Limited 
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Wee ktee-te abbas a 
New Literatur 


In this department we report new literature pertaining to Instrumentation, received fromm the 
manufacturers. We urge readers to request ONLY those bulletins which will be of value to them, 


Use the Postage-free Order Card on Page 307. 





WEIGHING SYSTEMS. 
illustrates 
system 
use 


8-123 HYDRAULIC 
20-page Bulletin 303 describes and 
maker’s portable hydraulic weighing 
components for industrial and laboratory 
(hydraulic cells, crane scales, portable cells, in- 
dicators, hydraulic jacks and hand pumps) ; lists 
features, specifications.—Testing Equipment 
Dep’t, The Baldwin Locomotive Works, Phila- 
delphia 42, Penna. 

8-124 FLOW-RATE INDICATOR. 4-page 
Catalog 96 illustrates and describes maker's 
“Magna-sight” flow-rate indicator for coolants, 
lubricants, opaque liquids, slurries, etc.; covers 
design, operation and installation, specifications. 
—Fischer & Porter Co., Hatboro, Penn. 

8-125 VIBRATION DAMPING INSTRU- 
MENT MOUNT. 2-page Bulletin 160 describes 
and illustrates maker's “Instru-mount”’ vibra- 
ion-damping non-magnetic base for supporting 
mechanical, optical or electrical instruments; 
lists features, capacity —Eberbach & Son Co., 
Ann Arbor, Mich. 

8-126 OIL COMPARATOR AND COLOR- 
IMETER. 4-page Catalog 605-50 illustrates and 
describes maker's oil comparator and oil color- 
imeter employing non-fading glass color stand- 
ards; lists features, specifications of each.— 
Hellige, Inc., 3718 Northern Blvd., Long Island 
City 1, N. Y. 

8-127 “hp JOURNAL.” 4-page Vol. 1, No. 
5 issue of this house organ features an article 
titled “Greater Reliability in UHF Impedance 
Measurements.”—The Hewlett-Packard Co., 395 
Page Mill Rd., Palo Alto, Calif. 

8-128 “THE GENERAL RADIO EXPERI- 
MENTER.” 12-page, Vol. XXIV, No. 8 issue of 
this house organ features article titled “Simple, 
Complete Coaxial Measuring Equipment for the 
UHF Range”; illustrates and describes maker's 
equipment for standing-wave, power, and voltage 
measurements.—General Radio Co., 275 Massa- 
chusetts Ave., Cambridge 39, Mass. 

8-129 TIME CYCLE CONTROLLER. 16- 
page Bulletin 98154 illustrates and describes 
maker's “‘Flex-O-Timer” time cycle controller; 
covers operation, applications and typical in- 
stallations of the several models; lists ordering 
instructions.—Taylor Instrument Cos., Roch- 
ester 1, N. Y. 

8-130 SYNCHRONOUS AND INDUCTION 
MOTORS—4-page bulletin describes and_illus- 
trates maker's general-purpose synchronous and 
induction motors for lower fractional-hp. range; 
gives features, ratings, dimensions.—Holtzer- 
Cabot, Inc., Boston 19, Mass. 

8-131 PHOTOELECTRIC SWITCH. 2-page 
bulletin illustrates and describes maker's twin- 
beam photoelectric switch; lists features and 
advantages, applications, operating data, ac- 
cessories.—Detect-o-Ray Co., 2622 N. Halsted 
St., Chicago 14, Il. 

8-132 OPTICAL 
page Bulletin 174-50 
maker's “L36ON” 


BENCH ASSEMBLY. 4- 
illustrates and describes 
optical bench assembly 
(lathe-type bench, collimator, light source, 
targets and filters, nodal slide) for testing 
lenses, mirrors, and optical systems; also describes 
Foucault knife-edge attachment (accessory).— 
The Gaertner Scientific Corp., 1201 Wrightwood 
Ave., Chicago 14, Ill. 

S-133 ENGRAVED NAMEPLATES. 4-page 
folder illustrates and describes maker's engraved 
laminated plastic nameplates; covers features, 
advantages, ordering  instructions.—Industrial 
Nameplate Service, Box 5005, Houston 12, Tex. 

8-134 GONIOPHOTOMETER. 2-page_  an- 
nouncement illustrates and describes maker's 
“Hunter” goniophotometer for measuring man- 


— 


ners in which flat specimens reflect, transmit 
light with changing directions of illumination 
and view; lists applications.—Henry A. Gardner 
Lab., Inc., 4723 Elm St., Bethesda 14, Md 

S-135 CARTESIAN MANOSTAT. = i-page 
Bulletin CM.97 describes and illustrates maker's 
Cartesian manostat “No. 6” for automatic 
vacuum and pressure control; covers develop. 
ment, construction, operation and applications, 
—The Emil Greiner Co., 20-26 N. Moore St, 
New York 13, N. Y. 

8-136 TENSILE TESTER. 4-page bulletin 
describes and illustrates maker's ‘“‘Model TT-B” 
electronic tensile tester for autographically re. 
cording load-elongation properties, hysteresis, 
relaxation effects; gives data, applications.— 
Instron Engineering Corp., 2 Hancock St 
Quincy 71, Mass. 

S-137. “THE INSTRON TENSILE TESTER.” 
8-page reprint of article from October 1949 
issue of Transactions of the ASME describes and 
illustrates use of maker's electronic tensile 
tester (see above) in various applications.— 
Instron Engineering Corp., 2 Hancock St, 
Quincy 71, Mass. 

S-138 CONTACT INSTRUMENT-RELAY. ?.- 
page bulletin illustrates and describes maker's 
“Simplytrol” contact-making’ electrical  indi- 
cating instrument for operation and _ process 
controls; covers method of operation, features, 
prices and ranges.—Assembly Products Inc 
Chagrin Falls, Ohio. 

8-139 PANEL INSTRUMENTS. _ 2-page 
bulletin describes and illustrates maker’s instru- 
indicating electric current; covers 
advantages, ranges.—Assembly Products Inc 
Chagrin Falls, Ohio. 

S-140 DENSITY AND GRAVITY MEAS. 
UREMENT. 12-page Catalog 76 illustrates and 
describes maker's “Pycnorator” instruments for 
measurement and control of fluid density and 
specifle gravity; covers features and applica- 
tions.—Fischer & Porter Co., Hatboro, Penna. 

S-141 LABORATORY MIXER. 6-page bro 
chure illustrates and describes maker’s counter- 
rotating laboratory mixer; covers applications 
specifications.—Brookfield Engineering Labs. 
Inc., Stoughton, Mass. 

S-142 TITRATION RECORDER. _ 4-page 
Bulletin CEC-1810A_ describes and_ illustrates 
maker's “‘Model 26-102 Titrilog’’ for continuous 
recording of trace quantities of sulphur com- 
pounds; discusses performance, operation, speci- 
fications, rental service.—Consolidated Engi- 
neering Corp., 620 N. Lake Ave., Pasadena { 
Calif. 

$-143 


ments for 


“MODERN PRECISION.” 8-page Vol 
9, No. 4 issue of this house organ features 
articles on maker's “‘Rayotube” radiation de 
tector, “Steam Homo Method” for stress relief 
of brass parts, and use of maker’s products in 
metals, ceramics, power, and process industries, 
and in research, teaching and _ testing.—Leeds 
& Northrup Co., 4902 Stenton Ave., Philade!phia 
44, Penna. 

S-144 “ELECTRONIC PNEUMATIC ME- 
CHANICAL INSTRUMENTATION.” 32-page 
Vol. 4, No. 3 issue of this house organ features 
articles titled “High-speed Reheating of Seam- 
less Steel Tubes,” “High-pressure Laboratory 
Work Speeded by Automatic Controls,” “‘Modern 
Continuous Brick Plant Instrumentation,” pic- 
torial on “Progress Parade of Process Instrv- 
mentation,” and other articles.—Brown Instrv- 
ments Div., Minneapolis-Honeywell Regu!ator 
Co., Wayne and Windrim Aves., Philade!phis 
44, Pa, 
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STATIONARY 
TACHOMETERS 


CENTRIFUGAL TYPE 


Indicating R.P.M., F.P.M., etc. 
Belt, Sprocket, or Flexible 
Shaft Drives 


Models available for practically 
every requirement. 
Immediate and intelligent attention will 
be given to your inquiries on all industrial 
speed measurement problems. Drop us a 
line today. 


Amthor Testing Instrument Co.,Inc. 
49a Van Sinderen Ave. Brooklyn, N. Y. 














HELLIGE 


TURBIDIMETER 


A TURBIDIMETER 
WITHOUT STANDARDS 





Accurate + Foolproof « Universal 


(oye 
“es 4 


SS 






Gor 
MEASUREMENT 
OF TURBIDITY (SiO,) 
DETERMINATION OF 
SULFATE (SO.) 

AND OTHER 
APPLICATIONS 


WRITE FOR CATALOG No. 8000 


HELLIGE 


INCORPORATED 
NORTHERN BLVD. LONG ISLAND CITY 1, N.Y. 














letin FA-2 illustrates and describes maker's 
“FA-102M-1" uniform fire code signal relay and 
“FA-105C” open and closed circuit fire alarm 
station; lists specifications, features.—-Cannon 
Electric Development Co., Div., Cannon Mfg. 
Corp., 3209 Humboldt St., Los Angeles 31, Calif. 


8-146 ELECTRONIC TEST EQUIPMENT. 
14-page bulletin describes and illustrates several 
of maker's electronic research, engineering and 
maintenance equipments (power supplies, os- 
cilloscopes, tube analyzers, nucleonics equip- 
ment, electrical instruments, etc.)—Apparatus 
Dep’t, General Electric Co., Sehenectady 5, 
N. ¥ 

8-147 RECORDING VISCOSIMETER. 2-page 
bulletin illustrates and describes maker's ‘Vis- 
cograph” for automatically recording time, tem- 
perature and viscosity on one graph; covers 
features, sample curves, working principle.— 
Brabender Corp., Rochelle Park, N. J. 

8-148 POCKET CHAMBER ELECTROME- 
TER. 4-page Bulletin S65-723 describes and il- 
lustrates maker's “Model 4SN3A1”" pocket 
chamber electrometer for reading “‘pencil’’ type 
pocket ionization chambers; lists features, speci- 
fications, principle of operation.—Specialty Div., 
General Electric Co., Electronics Park, Syracuse, 
NN, ¥. 

8-149 MOISTURE TESTER. 6-page bulletin 
illustrates and describes maker's semi-automatic 
moisture tester; covers plotting rate-of-drying 
curves, method of testing; gives approximate 
drying times for various materials; lists fea- 
tures, ranges.—Brabender Corp., Rochelle Park, 
NK. 2. 

8-150 DECADE SCALING UNIT. 4-page 
Catalog S65-633 illustrates and describes maker's 
“Type XYZ-1" decade scaling unit; lists applica- 
tions, specifications, service parts.—Specialty 
Div., Electronics Dep't, General Electric Co., 
Syracuse, N. Y. 

8-151 ELECTRICAL TESTING EQUIP- 
MENT. 2-page bulletin describes and illustrates 
maker’s voltmeters, volt-amp. tester. current 
indicator, ammeter, pilot, and pilet test lights, 
and accessories; gives specifications.—Industrial 
Devices, Inc., Edgewater, N. J. 


S-152 BINARY SCALER. 4-page Bulletin 
S75-740 illustrates and describes maker's “Model 
4SN1A1” binary scaler for plug-in use; lists 
features, specifications.—Specialty Div., General 
Electric Co., Electronics Park, Syracuse, N. Y. 

8-153—“BURRELL ANNOUNCER.” 16-page, 


issue of this house organ features 
article titled “Phase Contrast Microscopy,” and 
items on maker's chain balance, mercury still, 
torsion balance, and electric furnaces.—Burrell 
Corp., 1942 Fifth Ave., Pittsburgh 19, Pa. 

8-154 OSCILLOSCOPE. 4-page Buletin S64- 
534A describes and illustrates maker's 5-inch 
oscilloscope for general-purpose laboratory use; 
lists features, specifications.--Specialty Div., 
General Electric Co., Electronics Park, Syracuse, 
N. Y. 

8-155 “THE OHMITE NEWS.” 2-page Jan- 
uary 1950 issue of this house organ contains 
items on maker's Ohm's law calculator, high “Q” 
r-f. chokes, rheostats and _ resistors.—Ohmite 
Mfg. Co., 4835-41 Flournoy St., Chicago 44, Ill. 

8-156 SWEEP GENERATOR. 4-page Bulletin 
S64-811 illustrates and describes maker's “Type 
ST-4A” sweep generator for laboratory and TV 
servicing; lists features, specifications.—Specialty 


No. 50-1-37, 


Div.. General Electric Co., Electronics Park, 
Syracuse, N. Y. 

8-157 MERCURY PLUNGER-TYPE_ RE- 
LAYS. 26-page catalog illustrates and describes 


relays 
load 


mercury plunger-type 
quick-acting relays, 
ordering infor- 
selecting relays, 
Adams & 


line of 
delay relays, 
ete.); gives dimensions, 

discusses factors in 
special mounting arrangements.—The 
Westlake Co., Elkhart, Ind. 

S-158 MARKER GENERATOR. 4-page Bul- 
letin S64-810 illustrates and describes maker's 
“Type ST-5A” marker generator; lists features, 
specifications. —Specialty Div., General Electric 
Co., Electronics Park, Syracuse, N. Y. 
SMOKE AND COMBUSTION 
CATORS. 8-page Bulletin 431 illustrates and 
describes maker’s smoke and combustion indi- 
cators; covers construction, operation and use. 
—Ess Instrument Co., 95 S. Washington Ave., 
Bergenfield, N. J. 

$-160 R-F. CAPACITOMETER. 4-page Bul- 
letin S64-581 describes and illustrates maker's 


maker's 
(time 
relays, 
mation; 
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You'll Always 
Know with a 


GORDON 


Furnace Atmosphere 





Do you depend upon badly scaled or de- 
carburized work to tell you that some- 
thing has happened to your furnace at- 
mosphere? And then spoil more work get- 
ting the atmosphere back to where it 
belongs? 

A Gordon Furnace Atmosphere Indica- 

tor will watch that for you. It makes a con- 
tinuous, thorough check of the furnace at- 
mosphere, and as soon as it changes, the 
change is detected and indicated so that 
quick necessary adjustment can be made. 
It works on gas or oil-fired furnaces and 
in protective atmospheres on electric fur- 
naces. 
» The Gordon Furnace Atmosphere Indi- 
cator works on the principle of the rela- 
tive thermal conductivity of gases. It is so 
simple and easy to use that top results can 
be obtained with shop or non-technical 
personnel. 

Where a continuous record of atmos- 
phere readings is required, the indicator 
can be co-ordinated with a recorder. 

You can't afford to be without this in- 


strument any longer. 
$335° 


Price, complete with U-tube 
and Sample Filter, 110 V, 60 C, 

Write for descriptive bulletin 
for full information. 


GRAS ENUOYSYRYES 








“€LAUD S. GORDON Co. 


Specialists for 34 years in the Heat-Treating 
and Temperature Control Field 

Dept. 21 3000 S. Wallace St., Chicago 16, Ill. 

Dept. 21 2035 Hamilton Ave., Cleveland 14, O. 
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HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 42 years. 


In general use 

for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively B 
inexpensive. a 


Illustrated 
bulletins 


free 


The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Ave., Jamaica 2, N. Y. 








High Precision OpricaL CompPo- 
NENTS Any Size For 
Astronomical and Physical 
Research 
7 
Parabolic, Spherical, Ellipsoidal 
and Plane Mirrors 
* 

Piane Parallel PLATES 
e 
SCHLIEREN SYSTEMS 
. 

Interferometer PLATES 
e 
Lenses and Prisms of Glass 
oa 
Natural or Synthetic CrysTAaLs 
a 
Complete Optical and Mechanical 
INSTRUMENTS 
e 
Made to Specifications 
© 
High Vacuum Coating 


John Unertl Optical Co. 


3551-3555 East Street 


Pittsburgh 14, Penna. 
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“Type YCL-1" r-f. capacitometer for measuring 
inductance and capacitance; covers features, 
specifications, principle of operation.—Specialty 
Div., General Electric Co., Electronics Park, 
Syracuse, N. Y. 

S-161 OPERATIONS RECORDER. 2-page 
Bulletin 586 illustrates and describes maker's 
“SR-4" operations recorder to record time and 
duration of a number of electrical contacts; 
covers specifications, operation, installation and 
application.—Ess Instrument Co., 95 S. Wash- 
ington Ave., Bergenfield, N. J. 

S-162—PLASTICITY RECORDER. 2-page bul- 
letin illustrates and describes maker's “Plasto- 
graph” for measuring and recording in graph 
form the plasticity, absorption, swelling, etc., 
of material from light viscosity to unvulcanized 
rubber; covers applications, working principle. 
—Brabender Corp., Rochelle Park, N. J. 

8-163 SEARCHING WAVEMETER. 4-page 
Bulletin S64-577 describes and illustrates maker's 
“Type WM-2A” searching wavemeter for meas- 
uring microwave lengths; lists features, specifi- 
cations, other uses.—Specialty Div., General 
Electric Co., Electronics Park, Syracuse, N. J. 


S-164 FLAME FAILURE ALARMS. 6-page 
Bulletin 588 illustrates and describes maker's 
flame failure alarms; covers principle of opera- 
tion, application, specifications, installation.—Ess 
Instrument Co., 95 S. Washington Ave., Bergen- 
field, N. J. 

8-165 ELECTRICAL TESTING INSTRU- 
MENTS. 2-page folder describes and illustrates 
maker's instruments for general field; shop or 
laboratory testing (insulation, and ground re- 
sistance measuring instruments; instrument 
current transformers, insulation breakdown 
testing instruments, a-c. voltammeter, tachome- 
ters, etc.).—Associated Research, Inc., 3758 W. 
Belmont Ave., Chicago 18, Ill. 


8-166 COMBUSTION INDICATORS AND RE- 
CORDERS. 2-page Bulletin 801 describes and 
illustrates maker's “‘Hazegage’’ combustion in- 
dicators and recorders; covers range, specifica- 
tions, features.—Ess Instrument Co., Bergenfield, 
N. J. 


S-167 UNIVERSAL ROTAMETERS. 12-page 
Bulletin 18-RB illustrates and describes maker's 
universal rotameters; covers operation, advan- 
tages, rotameter formula, method of selection, 
capacities and specifications for each model.— 
Dep't M-A, Schutte and Koerting Co., 12th and 
Thompson Sts., Philadelphia 22, Pa. 


S-168 DISTORTION, NOISE ANALYZER. 4- 
page Bulletin 165-11 describes and illustrates 
maker's “Type YDA-1" distortion and noise 
analyzer for broadcast and laboratory use; 
covers features, specifications, principle of oper- 
ation.—Specialty Div., General Electric Co., 
Electronics Park, Syracuse, N. Y. 

8-169 TURBIDITY RECORDER. 2-page Bul- 
letin 604 illustrates and describes maker's 
“TR-6" turbidity recorder; covers features, ap- 
plications, various forms of sampling chambers, 
indicators and recorders.—Ess Instrument Co., 
Bergenfield, N. J. 

S-170 WATER STILLS. 6-page Bulletin No. 
910 illustrates and describes maker's “Stream- 
liner” water stills; lists features, applications, 
capacities; encloses price list.—Precision Scien- 
tific Co., 3737 W. Cortland St., Chicago 47, Ill. 

S-171 WATER JET EDUCTORS. 36-page 
Bulletin 2-M describes and illustrates maker's 
water jet eductors; covers design, construction 
and operation; special purpose eductors, use in 
pumping and mixing liquids and handling solids; 
contains size, dimension and price tables.— 
Schutte and Koerting Co., 12th and Thompson 
Sts., Philadelphia 22, Pa. 

8-172 SPECIFIC GRAVITY INDICATOR- 
CONTROLLER. 2-page Bulletin SG-2 describes 
and illustrates maker’s “Gravigage’’ for indica- 
tion or control of specific gravity in process 
industries; covers features, specifications.—Ess 
Instrument Co., Bergenfield, N. J. 

S-173 SQUARE-WAVE GENERATOR. 4- 
page Bulletin S64-630 illustrates and describes 
maker’s “Type YGL-1” square-wave generator; 
lists features, specifications; covers principle of 
operation.—Specialty Div., General Electric Co., 
Electronics Park, Syracuse, N. Y. 

8-174 RESISTANCE PERCENTAGE 
BRIDGE. 2-page Bulletin S-142A pictures and 


describes maker's resistance percentage bridge | 


for calibration of resistors; covers features, op- 








The Only Instrume 
You Need to Tell Sp 
Temperatures Instant! 





and press the button! 


Just sight it... 
RADIATION 


spi: PYRO PYROMETER 


Any operator can determine spot tempera- 
tures in kilns, fire boxes, furnaces, ovens, 
etc., accurately—instantly—with the New 
Pyro Radiation Pyrometer. No _ thermo. 
couples, lead wires or other accessories 
needed—the PYRO is completely self-con. 
tained. Just sight it at the object . . . and 
press the button. Temperature indicated in. 
stantly on large direct-reading dial. Two 
double ranges available 1000/1800—1800 
2600° and 1400/2400—2400/3600°F 
Write for FREE Catalog No. 100. 


The PYROMETER INSTRUMENT Co, 
New Plant and Lab. 
BERGENFIELD 4, N. J. 





This unique pack 
aged component is easily built into 
your apparatus. It has true decimal 
reading, and simple binary circuit with 
reliable automatic interpolation. Min 
iature size. Moderate price. Immedi 
ate shipment. 

Send for Bulletin DCU-11% 


SIXTH AND NEVIN AVE - RICHMOND CALIFORMIA 
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eration range.—Specialties, Inc., Skunks Misery 
Rd., Syosset, N. Y. 
AIR DRYER. 2-page Bulletin DD-110 
pictures and describes maker's “Model 50-ELAC” 
dynamic dehumidifier; covers operation, operat- 
ing data, construction, dimensions and connec- 
tions.—Industrol Corp., 88-35 76th Ave., Glen- 
dale, Brooklyn 27, N. Y. 

$-176 FURNACE INDICATOR. 2-page Bul- 
jetin 441-B illustrates and describes maker's 
“Cat’s Eye” furnace indicator; covers operation, 
application.—Ess Instrument Co., Bergenfield, 
N. J. 
$-177 INDUSTRIAL TUBE ANALYZER. 4- 


8-175 


| page Bulletin S64-533 illustrates and describes 


maker's “Type YTW-3” industrial tube analyzer 
for gaseous rectifier tubes; lists feateures, speci- 
fications.—Specialty Div., General Electric Co., 
Electronics Park, Syracuse, N. Y. 

8-178 TEXTILE UNIFORMITY ANALZER. 
d-page bulletin illustrates and describes maker's 
uniformity analyzer for measuring and record- 
ing irregularities in weight per unit length of 
varn, roving, and silver; lists uses, advantages, 
specifications.—The Brush Development Co., 3405 
Perkins Ave., Cleveland 14, Ohio. 

8-179 CRYSTAL PRODUCTS. 2-page bulle- 
tin describes and illustrates maker's crystal prod- 
ucts (microphones, headsets); lists advantages, 
dimensions, specifications.—The Brush Develop- 
ment Co., 3405 Perkins Ave., Cleveland 14, Ohio. 

8-180 WASTE ELIMINATION. 16-page book- 
jet, “Solving Industrial Crimes—Case No. 39” 
describes and illustrates use of maker's record- 
ing instruments in locating and eliminating 
wasteful operations.—The Esterline-Angus Co., 
Inec., Indianapolis, Ind. 

8-181 REGULATED POWER SUPPLIES. 4- 
page bulletins illustrate and describe maker's 
regulated power supplies. Bulletin S64-535 on 
“Model 4STIAI” 300 volt; Bulletin S64-631 on 
“Type YPD-4" 1500 volt; Bulletin S64-634 on 
“Type PS-4" Dual; Bulletin S64-635 on “Type 
YPD-2" 450 volt; each lists features, specifica- 
tions, operating principle.—Specialty Div., Gen- 
eral Electric Co., Electronics Park, Syracuse, 
N.Y 

8-182 ANALOG COMPUTOR COMPO- 
NENTS. 4-page bulletin describes and illustrates 
maker's “GAP/R” analog computor components; 
covers use, specifications.—George A. Philbrick 
Researches, Inc., 230 Congress St., Boston 10, 
Mass. 

8-183 POINTER DRAFT GAGES. 12-page 
Bulletin 122 illustrates and describes maker's 
straight line bell gages and dial bell gages; 
covers features, installation, specifications.—Elli- 
son Draft Gage Co., Inc., 215 W. Kinzie St., 
Chicago 10, Ill. 

8-184 UHF MEASURING EQUIPMENT. 4- 
page bulletin illustrates and describes maker's 
complete line of UHF measuring equipment 
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line elements, attenuators, terminations, volt- 
age, power and standing-wave ratio measuring 
equipment); lists ranges, prices.—General Radio 
Co., 275 Massachusetts Ave.. Cambridge 39, 
Mass 

5-185 MINIATURE CERAMIC DISK CA- 
PACITORS. 2-page bulletin illsutrates and de- 
scribes maker's “‘Tiny Mike’ miniature ceramic 








| disk capacitors; gives uses, features, specifica- 


tions.—Cornell-Dubilier Electric Corp., South 
Plainfield, N. J. 


5-86 STRIP-CHART RECORDER-CON- 
TRO:}LER. 2-page supplement to Bulletin C2-1 
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The word Sets around... 


about a good thermometer 


Yes, literally ’round the world has gone the reputa- 
tion of Palmer Thermometers. Inquiries read like a 
Cook’s Tour , . . Rome, Singapore, Oslo, Melbourne, 
Rio de Janero and points east, west, north, and south! 





There’s a reason! Unswerving accuracy and depend- 














ability—basic for a good thermometer—head Palmer’s 
list of quality features. When you add rugged con- 
struction, streamlined appearance, famous “Red- 
Reading-Mercury” . . . it’s easy to see why refineries, 
dairies, process industries—practically every branch 
of international industry—respect Palmer’s quality. 
If you aren’t familiar with Palmer indicating and 


recording thermometer, we’d like the word to “get 
around” to you. Write for complete catalog. 


PARANRER 


TRLRRORETERS vac. 


Mfrs. of Industrial, Laboratory, Recording and Dial Thermometers 


2511 Norwood Ave., Cincinnati 12, Ohio 
Canadian Plant: King & George Sts., Toronto 2 
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maker's “Pneumatic 
Capacilog” air-operated § strip-chart recorder- 
controller; covers features, uses, operation.— 
Wheelco Instruments Co., 847 W. Harrison St., 
Chicago 7, Ill. 

S-187 “hp JOURNAL.” 4-page Vol. 1, No. 
6 issue of this house organ features article on 
maker's “Model 212A” 6.07-10 microsecond 
general-purpose pulse generator.—The Hewlett- 
Packard Co., 395 Page Mill Rd., Palo Alto, 
Calif. 

8-188 “THE OSCILLOGRAPHER.” 24-page 
Vol. 12, No. 1 issue of this house organ features 
an article titled “Transducers—A Review of 
the Design and Applications of Transducers for 
Oscillography”; also included is discussion of 
maker's “Type 292” cathode-ray oscillograph.— 
Instrument Div., Allen B. Du Mont Labs, Inc., 
1000 Main Ave., Clifton, N. J. 

S-189 LIQUID LEVEL CONTROLLER. 2- 
page Bulletin L-89 illustrates and describes 
maker's “No. 65°’ float-operated controller for 
low water alarm, low water fuel cut-off, etc.; 
covers specifications, dimensions, electrical rat- 


illustrates and describes 


* * * 


ADVERTISERS' 


ings.—MecDonnell & Miller, Inc., Wrigley Bidg., 
Chicago 11, Hl. 

S-199 PRESSURE SWITCHES. 4-page bul- 
letin describes and illustrates maker's pressure 
switches for fixed and variable level control of 
moderate liquid heads; covers design, operation, 
application, specifications.—Soreng Mfg. Corp., 
9555 Eden Ave., Schiller Park, Ill. 

8-191 “SCIENTIFIC APPARATUS AND 
METHODS.” 32-page, 1949-50 winter edition of 
this house organ appears in two sections. Sec- 
tion 1 features articles titled ““The Polargraphy 
of Tin,” “High Frequency Chemical Analysis,” 
and picture story on maker's new plant; sec- 
tion 2 covers maker's scientific apparatus (polar- 
ographs, laboratory ovens, ultra-violet lamps, 
cte.).—E. H. Sargent and Co., 4647 W. Foster 
Ave., Chicago 30, Hl. 

S-192 TRIPLE-BEAM TRIP SCALE. 4-page 
bulletin illustrates and describes maker's triple- 
beam trip scale with pan and all three beams of 
stainless steel; covers features, specifications.— 
W. M. Welch Scientific Co., 1515 Sedgewick 
St., Chicage 10, I. 


* * * 
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POSITIONS OPEN 


For 


SENIOR 


RESEARCH 
ENGINEERS 


And 


PHYSICISTS 


Established Electronic and Control 
Laboratory in the Los Angeles, Cali- 
fornia area, offers exceptional op- 
portunities for Senior Engineers and 
Physicists having outstanding aca- 
demic background and experience 


in the fields of: 


Salaries commensurate with ability, 
experience and background. Work- 
ing conditions and opportunities for 
advancement are excellent. Send in- 
formation as to age, education, ex- 
perience and work preference to: 


NORTH AMERICAN AVIATION, INC. 


Aerophysics Laboratory 


ive 


Microwave Techniques 
Moving Target Indication 


Servomechanisms 


Applied Physics 


Gyroscopic Equipment 


Optical Equipment 
Computers 

Pulse Techniques 
Radar 

Fire Control 
Circuit Analysis 
Autopilot Design 


Applied Mathematics 


; 


Electronic Subminiaturi- 


zation. 
Instrument Design 


Automatic Production 


Equipment 
Test Equipment 
Electronic Design 


Flight Test Instrumenta- 


tion 


Box No. R 3 


12214 South Lakewood Bivd. 


Downey, California 
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